a 
a 


Ss 


ENGINEERING: 


Kin Illustrated Weekly Journal. 


EDITED BY WILLIAM H. 


OFFICES 





FOR ADVERTISEMENTS AND PUBLICATION, 35 & 36, BEDFORD STREET, STRAND, LONDON, 


MAW AND B. ALFRED RAWORTH. 


w.c. 








VOL. CL—No. 2630.] 


LONDON: FRIDAY, MAY 26, 1916. 


Registered at the General 
Pentderes «Nomen: 


Priog.,.6d. 
INLAND Post... 8d, 








A veling & Porter, Ltd, 


RocussTsr, Kent, 
and 72, Cannon Srrest, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT- MAKING MACHINERY. 5288 


A. G. Munford | 4 


OULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wark Office Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 24. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
fi Admiralty. Od 2179 
(\ranes—Electric, Steam, 
HYDRAULIO and HAND. 
of all types and sizes. 
GEORGE RUSSELL & OCO., 
Motherwell, near Glasgow. 


STEEL TANKS, PIPES, GASHOLDERS, &. 
F[ihos. Piggott & Co., Limited, 


OE awenat, 4457 
See Advertisement last week, page 83. 


and Son, 


MARINE ENGINEERS, &c. 
Newsvry, ENWGLAND. 9983 


Mechine Tools in Stock :— 


Vertical DRILLS, to admit 18 in., = in., 
and 36 in. diameter. Bolt Screwing MACHINES. 
10} in. centre Special Shafting “LATHE. Second: 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 

JAMES SPENCER & 0O., Lrv., 
Chamber Iron Works, Hollinwood, Manchester. 


lank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & OO., La>., 
RY ENGINEERS, NSWCASTLE-ON-TYNE. 4988 
N ew Chicago Automatics, 


Three Sizes, Delivery from Stock. 


NEW CAPSTANS; lin. through the wire feed. 








LtD., 
4 

















JOHN MACNAB, 
Tel. No, 


Mary Street, Hype. 
: 78 Hyde. 


4629 

racings and Photo-copies 

mpgs: os | and Promptly EXEOUTED by 
WEST & PARTNERS, 

(Omicial | Contractors to the Admiralty), 

eS ae _ *1, York Street, Westminster. 5268 


ocomotives in Stock.— 


KERR, STUART & ©O., Lip., have in stock 
bd in an advanced state of progress at their 
tonne Works, Stoke-on-Trent, a large number of 
‘ OMOTIVES, with cylinders from 6 in. to 16 in, 
: ameter (inc lusive), for all gauges from 18 in. to 

ft. 84 in.—Apply to KERR, STOaRT & CO., Lrp., 
5, Broad Street Place, E.C. 4570 


Puller, Horsey, Sons & Cassell, 


SPECIALISTS 





in the 
SALE AND VALUATION 
oO 
PLANT AND MACHINERY 
$% and Od 183 
ENGINEERING WORKS. ™ 
BILLITER SQuU ARE, LONDON, EC. 


[2vineible_ Gpuge (jlasses. 


BUDTERWORTH BROS., Ltd., 
Newton Heath Glass Works, 
anchester, 


ll, 





Od 9758 


rrow & Co., Ltd., 


a 
Y SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Portar, Lonpon), 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


ELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


(Sampbells & Hrter, 4 


Gear Cutting. 


Worm Wheels cut up to 18 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam. 


Od 8759 





DOLPHIN 


FOUNDRY, LEEDS. 


Yachts, Launches, or Barges, 


Built complete with Steam, Oil or Petrol 
Motors; or eg eg plied. Od 3551 
Vv OSPER & CO., s teens Srreet, PortsMouTH. 


MULTITUBULAR AND 
ochran OROSS-TUBE TYPES. 
5020 


Bu ers. 
See page 80, last week. . 


Oi Fre! Appliances. 


PRESSURE, 
AIR, 
STEAM. 


4547 








SYSTEMS 


FOR BOILERS OF ALL TYPES. 


Kermodes Limited, 
35, Tus Tamrie, Date Street, Liverroot ; 


an 
109, Fencuurcu Street, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 


[pcomotive | Tank Engines 
designed and constructed b 
MANNING, eal meee AND OOMP. 


Boyn ne Works, Leeds. 
See their Mlustrated A vertisement page 89, last week. 
R. Y. Pickering & Co., Ltd. 
(ESTABLISHED 1864. 
BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY waepee FOR HIRE. 


Ohief Works ana s Offices 
WISHAW, near GLASGOW. 


4078 


, Tamrrep, 
Od 





London Office: 
8, Victoria Street, WesrTminsrsr, 8.W. 


achine and Engineering 
WORK of all a undertaken for Manu- 
tacturers, Patentees, &c. rs and renewals. 
Best work, ep ney ee charges ROSSER & RUSSELL, 
Lrp., n’s Wharf, Hammersmith. 

NEW PATENT AOCT.—Rosser & Russein, Ltd., 
are prepared to undertake the manufacture of articles 
at present made abroad, and will be pleased to hear 
from firms desiring such work executed. 9311 


or Sale, Very Excellent 
Belliss Three-crank Compound ENGINE, 
coupled to B.T.H. Dynamo, 325 Kw., 220 volts. 
One 275 Kw. Belliss, 500 volts. 


One SURFACE CONDENSER, complete with 
pumps, 9000 Ib. steam. 


Switchboard Equipment. 
All for immediate delivery. 
_ JENNINGS, West Walls, Newcastle-on-Tyne. 


e Glasgow Railway 


ee Company, 


Peep ou Pavrsorg en 8.W. 








5256 


RAILWAY CARRIAGE, WAGON 4 AND TRAMWAY 
WHEELS & AXLES, 
CARRIAGE & WAGON IRONWORK, alse 
OAST-STEEL AXLE BOXES. 





Pp &W. MacLellan, Limited, 


CLUTHA WORKS, Guangow, 
MANUFACTURERS oF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION, 
ae TRONWORK, BRIDGES, ROOFING, &o. 
Offices : 129, Trongate, Guaseow. Od 8547 
: Office: 1084, Cannon &t., one Eo. 





THE WELL-KNOWN 
Fine Rea Moulding Qand, |S 
TRON, BRASS, ALUMINIUM. 


"Mansfield Sand Co., Litd., 
MANSFIELD, NOTTS. 6175 


-j ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 
GENERAL CONSTRUCTIONAL ENGINEERS. 1216 


Boilers, Tanks & Mooring Buoys 

Sriis, Perron. Tayxs, Am Reoxtvers, Sree, 

Omimneys, Riverrsp Steam and VENTILATING PIPss, 
Hoppers, Spgcian Worx, Repairs OF ALL, Kinps. 


Tubes, Tron and Steel. 
Edwin Lewis & Sons, “” 
Yo _ Wolverhampton. 


143, Cannon St., RO. 


Pubes and ‘Fittings, 





Stewarts and Lovds, 4. 


Glasgow and Birmingham. 


4990 


[™preved High Pressure 

ENEWABLE DISO GLOBE VALVE. 

See our Advertiserc ent in last week's issue, page 20. 
emis cores SPECIALTIES, Lp., 


ford Street, Leicester. 
R() “ rthompson” “Boilers 
EN STOOK. 
One 30 ft. by 9 ft. 8 in. by 160 w.p. 
Two 80 ft. by 8 ft. 6in. by 160 w.p. 
Two 80 ft. by 8 ft. 3 in. by 160 w.p. 
Four 30 ft. by 8 ft. 3 in. by 100 w.p. 
Two 30 ft. by 7 ft. 6in. by 100 w.p. 
Seventy other sizes and pressures. 


John Thompson, 


WOLVERHAMPTON. 5279 

Gs Engines, Suction Plants, 
Inspect: 

advice.—E. J. DAVIS, M.L Mech. E., Great 


Se DAViS. ML Mech: Bent Eaton 


Road, Stratford. Telephones : East 1350; Stratford 
569. "Tel. : Rapidising, London. 1704 


ement.—Maxted & Knott, 


Lev. , Consulting Engineers to the British Portilana 
Cement Manufacturers, Ltd., ADVISE GENERALLY 
on Bn. Cement Schemes FOR ABROAD. 
ADVICE ONLY. Highest references. Established 1890. 

Address, Burnsyerr Avenue, Huu 
Oablegrams : eer ” Hull. 


Tas Giaseow Roum 


See Advertisement page 50. 











5284 
Piast Worus. 





8358 
Het. Nabon & : Ce., Ltd., | 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELEOTRIC CARS and BVERY OTHER DESCRIPTION OF 
RAILWAY axp TRAMWAY ROLLING STOCK, 

Makers of Wuneia and Axies, Ramway Puant, 
Foreme, Sarre Work, Iron ann Brass Oastines. 
istered Office and Ohief Works: Motherwell. 
Office: Gordon Chambers, 31, Queen Street. 
London Office : 14, Leadenhall Street, E.O. 
See Illustrated Advt. in alternate issues. Od 38682 
P lant 


Dredging 


OY ALL DESORIPTIONS, 
FLOATING ORANES. OOAL BUNKERING 


VESSELS. 
Werf Conrad, 
Agents: MARINE WORKS, les, Friars Hovsa, 
39-41, Naw Broan St., LONDON, E.O. 
See ‘half-page Advertisement, last and newt week. 


Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK. 
EsTasiisuep 1810, 
OAPITAL (Fully Paid) . . - $6,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 
This Bank receives Accounts of Banks, Bankers, 
Firms and Individuals on favourable 


ite di facili 
consistent wilh prude wa is a" conservative, banking 





ARLEM, 
HOLLAND, 


LONDON BANK, 
LONDON, OITY & MIDLAND BAWK, Lap. 











— (nee 


as 
R ° y les Limited, 
NEERS, IRLAM, MANCHESTER. 
FEED ) WATER, HEATERS, 
LOWIFIERS, EVAPORATOKS, Row's 
CONDENSERS. AIR H PATENTS, 
STEAM ra Gan  CEITL 
Merrill's Patent TWIN STRAINERS for Pump 8uctions 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS, 
/ATER SOFTENING and FILTERING. 4024 


arrow Patent 


— -Tube 


Messrs. YARROW 0O., UNDERTAKE 4 
PRESSING and MACHINING of the atone pees 
of Yarrow Boilers, such as the Steam ater 
Pockets, and Superheaters for British and 
Firms not having the necessary facilities. 

_ YARROW & OO., Lrv., Sootstoun, GLASGOW. 


RAILWAY CARRIAGES, ELECTRIC CARS, &, 


He. ‘Nelson & Co. L 4 


Tus Giascow Rouune Sock anv PLANT cate 
Od 8383 


oilers. 





MOTHERWELL. 


Maylor & (jhallen, “Ltd., 


BIRMINGHAM. 


Presses for Sheet Metal 
PRODUOTS. 


See Advertisement, May 5, page 50. 


sooo| Vf atthew p= & Co. 4 


Lavexrorp Worxs, Dumbarton. 4635 
See Full Page Advt. page 58, May 5. 


H4 Wrightson & Co 


LIMITED. 


See Advertisement page 35, May 12. 2408 
oke, 


Gas and Off Fired 
FURNAG 


OES. 
MONOMETER MANUFACTURING oon tn ae 
Whirsnovse St., Astron, BremInena 
__ Bee. Adv ert. Ee. 48, | May | SE OCs 


“Prop Qtampings 
GARTSHERRIE ENGINEERING & t FORGE 0O., 
. _50, WALLINGTON Street, GLASGOW, 


ne Powerful Economic 


MULTI-TUBULAR mayen io, ; 
oo 14 ft. 6 in, 1 le for 160 

i H IMMEDIA 

JOHN THOMPSON, Boiler Works, Witvehemgien 


Punch and Shear Machine 


Consult us. “ The Best and the Cheapest. 
Stock. heap” Lange 
____ Orr BROS., West Mounrr, HALIFAX, 




















OHANTIERS & ATELIERS 


A veustin - Normand 


67, rue de Perrey—LE HAVRE 
(7panee). 


3890 
Dest oa o Boats, 3 Yachts and Fast Boats. 
50 mms and Submersible Boats. 
NORMAND'S Patent Water-tube Boilers, Ooal or Oil 
Heating. Diesel Oil Engines, 


RRebber 


Hose 


GUTTA PERCHA & RUBBER, LIMITED 
Toronto - Canada. 


(ientrifugals. 


Pott, (Sassels & WV iliameon, 
MOTHERWELL, SCOTLAND, 





MANUFACTUBERS, 


Suction 
and Fire 


6211 





4781 
See half.page Advertisement page 66, May 19. 


























ENGINEERING. 











[he Manchester Steam Users’ 


ASSOCIATION. 
For the Prevention of Steam Boiler Explosions and for 
Wt A tatanent of Socmenay se elaeeneas 6 of Steam. 





cusToDIs Lao. 
, Victoria Street, 8.W. 


has been “brought to our 


t 

I notice that suggestions have been made to the 
effect that alien enemies have interest in this Com 
pany, and in consequence we desire to give public 
notice that such suggestions are untrue, and that 
our Board of Directors, Officials, and Shareholders 
are all natural born British subjects, no alien enemy 
having any interest, directly or indirectly, in the 
Company. 

We also give WARNING that, should we trace the 
source of any such assertions, it is our intention to 
take action against the persons responsible for the 
same, 

CUSTODIS Lrp., E 316 
_ By Order of the Board. _ 
1916 B. 027. 


IN THE HIGH couRT 0 OF “JU STICE, CHANCERY 
DIVISION 
Ma. Justice YOUNGER. 


In the Matter of BROWETT, LINDLEY & O0O., 
Limitep and Repucep, and In the Matter of the 
Vompanies (Consolidation) Act, 1908. 


Notice is Hereby Given that 
a Petition presented to the High Court of 
Justice, Chancery Division, on the 8th May, 1916, for 
confirming the proposed reduction of the ( ‘apital of 
the above-named Company from £120,000 to £107,500, 
by cancelling capital which has been lost or is un- 
represented by available assets, to the extent of 5s. a 
share in respect of each of the 50,000 Ordinary Shares 
which have been issued, is directed to be heard before 
Mr. Justice Sargant, on Tuesday, the 6th day of June, 
1916. Any Oreditor or Shareholder desiring to 
oppose the making of an Order for reduction of 
e Capital of the said Company under the above 
Act may 7“ at the time of hearing by 
himself or Counsel for that purpose. Such 
person is required to give two clear days’ notice in 
writing of his intention to appear, with the grounds 
of his objections, to the undersigned, the Solicitors of 
the Company. A Oopy of the Petition wili be fur- 
nished to any person requiring the same, by the 
undersigned Solicitors, on payment of the! regulated 
charge for the same. 
Dated this 22nd day of May, 1916 
T. WATKIN WILLIAMS, E 338 
Master of the Supreme Court. 
VIZARD, OLDHAM, CROWDER & CASH, 
51, Lincoln's Inn Fields, W.C., . 
Agents for Browetts, Ooventry, 
licitors for the Company. 


COUNTY OOUNCIL, 


ummer Mining 
ENGINEERING SCHOOL 
WALES COALFIELD. 


The SUMMER SCHOOL will be held during the 
month of AUGUST, 1916, at the TECHNICAL 
COLLEGE, SWANSEA, and Courses will be provided 
in: 





GLAMORGAN < 


and 
FOR SOUTH 


w Minine Enerneerine. ) To include 
2) MeonanicaL Exeineerine. } Laboratory 
(3) ExuecraicaL Evenaeunine. Work. 

Full Particulars, P. bus, and Forms of Applica- 
tion y be obtained, on ‘receipt of a stamped 
ad toolscap envelope, trom the CHIEF 
EDUCATION OFFICIAL, County Hall, Cardiff. E310 


THE MANCHESTER MUNICIPAL 


chool of Technology 


(UNIVERSITY OF MANCHESTER). 


EIGHT 
RESEARCH SCHOLARSHIPS 
IN TECHNOLOGY, 

Three of the value of £100, two of the value of £75, 
and three of the value of £50, all with hn remitted), 
wilt be awarded on or about 3rd July, 1 

These Scholarships are tenable Sane | the Academic 
year 1916-17 in the Manchester School of Technology 

Faculty of Technology in the University of 
anchester). Applications must be received on or 
before 2ist June, 1916. 

Forms of A pptication and all information may be 
obtained (py. inter onl >. addressed to the Registrar. 
School of Techaology, esobester. E 302 


A ‘National Need. = = 
plane a Alri OF AERONAUTIOS. 
Draughtemanship. Son te “% 
nie a» pans. Instivatians of 


Silat ineers. — 
PERNINGTOMS 254, “Outord Reed, Manchester. 4337 








TENDERS. 
RICOALL RURAL DISTRICT COUNCIL. 
BARLBY WATER SUPPLY. 
The above Council are prepared to receive 


f bape for the "Supply of 
ae Cece Fee, Watenearne, ALVES and 
Specifications, and Particulars of the Works 

Three 


_ can ae Been eh between and Fi 
each keys = Ay yee ae fe 
fo be obtained at the Offices of the 
Seeeaeateiscs ys oe 
Be ve Water 8u A -_ 


endorsed ‘ 
The Council do 
mirch oe une Meet 





J. bay be 


to the Council. 
Abbey Place, 
“ noth May, 16. 


ves to accept the | e 





[Tenders are Invited for the 


PURCHASE of a LARGE and COMMODIOUS 
FACTORY, situated within 12 miles of London, 
immediately adjoining station on the Great Western 
Main Line, and alongside that railway and the 
Grand Junction Canal 

The Main Factory Building is 193 ft. by 78 ft. of 
four storeys, is of very recent eonstruction, and each 
floor is a pepwont unit except the top. 

The Power — consists of two Stirling Boilers, 
and a 500 HP. und condensing Engine, direct 
coupled to a 440 os tt Generator, housed in separate 
buildings. 

The Sroperty is Freehold, and comprises in all 
384 acres; about 32 acres thereof is occupied by the 
Government for Munitions, by whom extensive 
Railway Sidings have been installed. 

Fall particulars will be sent on mee to 
Messrs. NICHOLSON, GRAHAM & ES, 24, 
Coleman Street, London, E.C. E 306 








APPOINTMENTS OPEN. 


THE MANCHESTER MUNICIPAL SCHOOL 
OF TECHNOLOGY. 


APPOINTMENT OF VICE-PRINCIPAL. 
The Governing Body invites 


A Pplications for the Vice- 


PRINCIPALSHIP of the School of Technology. 
Salary, £500 a year. 

Conditions of appointment and Forms of Applica- 
tion may be obtained from the REGISTRAR, Schoo! 
of Technology, Manchester. The last day for the 
receipt of applications (which should be addressed to 
the Registrar) is Monday, 19th June. 

Canvassing members of the Committee, either 
directly or indirectly, will disqualify a av. i 292 


Manager and Kepresentative 


WANTED, by British machine toolmakers, 
haring offices and showrooms in Paris, and selling 
only -high-class British machine tools. Applicants 
must be of French pore penel with large experience 
in machine tools, and Ss will be given to 
those with knowledge of English language.—Address, 
giving full particulars and experience, age and salary 
required, E 218, Offices of ENGINEERING. 


f[ravelling Representative 


WANTED, of good address, experienced in 
hydraulics and the construction of articles used in 
water works, and the distribution of water. Ineligible 
for service, but age not to exceed 45 years.—Apply 
giving fall particulars and qualifications, to GUEST 
AND CHRIMES, Rotherham. E 299 


Jurveyor.— Wanted, at Once, 


an efficient SURVEYOR, capable of taking 
charge of important road making, drainage, and 
sewer work for estate development. — Reply, with 
particulars of previous experience, to W. R., 4/5, 
Charles Street, St. James's Square, 8. w. E 324 


(Technical Kngineer Kequired, 

in London. Must be well trained, and have 
specialized on internal combustion engines. Shops 
and d.o. experience, and also theoretical training 
essen No man Ban ' ae ieee te work can be 
engaged.— Write, or n first instance, to your 
nearest BOARD OF TRA DE LABOUR EXCHANGE, 
mentioning this paper and No, A 1832. E 246 


anted, Works Engineer, 

with drawing- office experience, for small 
engineering works in Midlands; capable of taking 
charge of shop and designin and carrying out jig 
work, No one ery employed on Government 
work will be eng Apply. your nearest LABOUR 
EXOHANGE, a quote N o. E 298. 


iagineer Wanted, in the 
motor traction department, Bennett College. 
One with practical and theoretic experience essen- 
tial.. Salary commences £300 per annum. Send full 
—_ addressed, GOVERNORS, Bennett oe. 
heffiel 318 


Kgineer Required — in con- 
structional engineer's office in Westminster, 
with experience in reinforced concrete. Must be 
ineligible. State experience, and salary required to— 
BOX 2029, care of Brown's, 21, Tothill Street, West- 
minster, $.W. Must reside within 10 miles radius. 
No one engaged on Government work need apply. 

E 335 


[ogineering Assistant Wanted 
thoroughly conversant with power, gas and 
Ineligible. — Send 
experience, and salary 
PATCHELL, 64, Victoria 

E 300 


A® Up-to-date and Pushing 
Man, with technical training and workshop 
ractice in designing and constructing high-class 
machinery, REQUIRED for large works in England 
making standard and special machine tonls; should 
be able to direct staff of draughtsmen, conduct all 
technical correspondence, pre estimates and 

introduce new designs and ideas Tor future markets. 
A liberal salary and commission will be given for a 

suitable man. 

and Gor it , in confidence, to M. T., care of W. B, Prat 
‘0., 11, _ Ironmonger | Lane, London, B.C, E314 


urnaces. — Wanted, an 


EXPSRT, capable of designing ous: furnaces 

(solid fuel) for the heat-treatment of metals. The 

rr would be a permanent one and offers excel- 

t prospects. State experience, where gained, and 

salary required. — Address, E 
EnotNkeRrina. 


( os Wanted, with a thorough 


knowledge of modern engineering business 
and cial practice. —_ be capable 
of dealing with Freee on george and able to ti 











bye- Sikes recovery practice. 

culars of education, 
mote ted to W. H. 
Street, 8. W. 


296, Offices of 





anted, Reliable and Ener- 


5 eee for Government work. 
ve previous experience in viewing and 


inepesting, preferably automobile work. Bans 4 hy 

, and drawi: 

nahn On iy those not 
ving ta 

OF 


-office expect 
presen Engaged a8 
ly.—Application to be | 
made by letter, ualifications and expe- | 
rience, to DI M ONS, 2) eet 
Transport, ronnie mt OF MUS Whitehall, 8. ris 

ao | 


' 
stimator Required, Imme- 
diately, for Government work. Good experience 
in estimating cost of aeroplane or motor-car parts 
(wood and metal) essential. Good salary, with pay- 
ment for overtime ; excellent prospects. No man on 
Government work can be en —Write, or apply. 
in first instance, to your nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper A. 
No. A 1873. 


Wanted, Immediately, Engi- 


NEER DRAUGHTSMAN, for modern biast 
furnace plant. No person already ongness on 
Government work need er hain. ith full 
particulars, your nearest UK EXCHANGE, 
mentioning this Journal and E 323 


(Constructional Draughtsman 
REQUIRED, for Governmert contracts. State 

age, experience, and i be engaged. — person on 
Government work will ly, your 
nearest LABOUR EXCHANG anette a LN this 
Journal, and No. A 1366. E320 


ne or Two First - class 


DRAUGHTSMEN REQUIRED, 2 gree with 
experience of hydraulic plant an works 
machinery. No — already employed on Govern- 
ment work will engaged. State experience, ‘Ss 
salary required, and when at libert ro fe. to the 
nearest BOARD OF TRADE LABOUR. 
mentioning this Journal, and D 512. 


Wanted, Immediately, Two 


First-class DRAUGHTSMEN, accustomed to 
furnace or constructional work or steel works plant 
preferred.—Apply, in writing, to nearest LABOUR 
EXCHANGE, giving full particulars of age, w >” 
required, and experience, quoting No. A 1806, 
person at present employed on Government work 
will be engaged. E 254 


Wanted, for Clyde district, 


afew good DRAUGHTSMEN, with experience 
in marine or mechanical work.—Apply, giving full 
particulars of age, experience, and salary required, to 
the nearest LABOUR EXCHANGE Office, quoting 
this paper and No. E 317. No person already 
employed on Governmentwork will be engaged. E317 


K xperienced Assistant 

WANTBD, in Patent Agents’ Office ; electrical 
or chemical qualifications preferred. Only applicants 
ineligible for service considered.—Address, E 337, 
Offices of ENGINEERING. 


anted, at Works, under 


Government control, FOREMAN SMITH, used 
to general work and drop stamping; one with know- 
ledge of light bridge work preferred. No person 
already employed on Government work will be 
engaged.- ~Apely. your nearest LABOUR EXCHANGE, 
mentioning this Journal, and E 312. 


Epginecring Pupil.—Vacancy 
with Firm (Government Oentractors) manu- 


facturing latest types of machinery - and 
engines, &c.; moderate premium. "Ad ress, GOEL, 


of ENGINEERING. 
A Large Firm of Engineers, 
in the Midlands, have an OPENING for a 
YOUTH of good education as premium pupil, the 
course to include both works and drawing office.— 
Address, 4359, Offices of Exemzzrine. 


Government work 
































SITUATIONS WANTED. 


anted, by thoroughly 
qualified iagtoner (mechanical), thoroughly 
conversant in the management, efficient and 
economical running of all kinds of plants, respon- 
sible SITUATION, as manager or chief engineer in 
charge of mill, factory or workshop; ineligible. 
Excellent testimonials. —Address, E 315, Offices of 
ENGINEERING. 


Mechanical and Structural|s 


Engineer and Draughtsman, works and 
drawing-office experience, DESIRES whole or part 
time employment.—E 301. Offices of ENGINEERING. 


Nommercial Engineer (35), 


Swiss nationality, wide. experience in direct- 
current and single-phase railways, steam and 
draulic power stations and power-transmission 
pe ts, thorough knowledge of Continental and over- 
seas conditions, is OPEN to AOCEPT responsilile 
POSTITION.— Address, E 303, Offices of Enarnzerine. 








AS Constructing Engineer, or - 
Contracter’s AGENT. 

plants, with sll by-products, ~enGiner 
Es 


pe-| $5, Baker Street, N. Brixton, 





PARTNERSHIPS. 


Every _Engineer 





P . ri Pry ner 
Partnership 


should write full 
WHEATLEY KIRK, PRICE” & 00, 
46, Watli > 
Albert Square, Manchester, or 
26, Collmgwood Street, Nowenstin-en: Tyne. 


Partnership in, or for Sale, 
Flourishing PATTERN MAKING BUSINES 
equipped with electric motor, bandsaw, circular sav 
lathes, & 

Price for plant, benches, stock of timber and ov'- 
standing accounts £250, or near offer. Fullest 
investigation. — Address, E 336, Offices of Exarneerins. 


Firm Owning Foundry and 

Engineering Specialities, are DESIROUS of 
MEETING with another FIRM, or Inventor, inte- 
rested principally in gas heated furnaces, &e., for 
industrial purposes, with a view to amalgamation, or 
making suitable arrangements for working together. 
Applications will be treated in strict confidence.— 
Address, E304, Offices of ENGINEERING. 
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PATENT AGENTS. 
he Consulting Patent 


AGENCY, 258, Gray’s Inn Road, London. Regd. 
British, U.S.A., and Canadian ta. **Oepato 
London” — Holborn 6109. All matters at fix 
inclusive charges. 4446 


ensen and Son, 4384 
omar ae nd Feehan 
77, Chancery iene, Pare w. Ww.c te: Regnraion 1249 
John E, Raworth, 
CHARTERED PATENT AGENT, 


70/71, Queen Anne’s Chambers, 4995 
Tothill Street, t, Westminster, 8.W. 





(Established 1 
Patents, and 











WANTED, &c. 





atents.—‘“‘ Improvements in 
Carburettors for Internal Combustion Engines.” 
—The Proprietors of W. R. McKeen, Jun., British 
Patent No. 9504, of 1911, are DESIROUS of LICENS- 
ING it to British MANUFACTURE RS on reasonable 
tefms to ensure its ture and develop t in 
Great Britain, or of Selling the Patent outright. 
For full information, address enquiries to :— 
W. P. THOMPSON & OO,, E 307 
Chartered Patent Agente, 
6, Lord Street, Liverpool. 


atents.—‘‘ Improvements in 

Lock-nuts or Nut-locks.”—The Proprietors of 

British Patent No. 13979, of 1912, are DESIROUS of 

LICENSING it to British MANUFACTURERS, on 

reasonable terms, to ensure its manufacture and 

development in Great Britain, or of Selling the Patent 
outright. 

For full information address enquiries to 

W. P. THOMPSON & OO., E308 

Chartered Patent Agents, 
6, Lord Street, Liverpool. _ 


the Proprietor of the Patent 


No. 18280, of 1912, for “‘ Improvements in 
Lubricating Devices,” is DESIROUS of ENTERING 
into ARRANGEMENTS, by way of License and other- 
wise, on reasonable terms, for the purpose of ex- 
ploiting the same and ensuring its full development 
and practical working in this Country. —All commu- 
nications should be addressed, in the first instance, 
to HASELTINE, LAKE & ©O., Chartered Patent 
Agents, 28, a Buildings, Chancery Lane, 
London, W. _Esn 


(A Wertiser, now Representing 


tool manufacturers, makers of lifting machines, 














of wood-working and metal-working machine 
of industrial equipments and metal supplies ; a 
10 years’ experience as travelder for important 
firms, and excellent connections amongst large works, 
automobile factories, important mechanical engineer- 
firms, naval re yards, &c.; ovning am 

office and a warehouse ; ha’ tte service agents 
in Paris and the provinces, dealing with a very 
1 turnover, 

DESIRES to ENTER into COMMUNICATION 
with British merchants, or well-established ce 
or wholesale firms, to sell their goods in 
either from new or from the conclusion of hostilities 
Ifp he asks that the British firms in question 
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All-round man—rails, water, 
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of ENGINEERING. 


Spanish, — Address, E 322, Offices 
Hpgineer, M.I.M.E., First- 

4 class B.o.7. certificate, DESIRES EMPLOY- 
MENT on War work. Sound eral mechanical, 
civil, and constructional expelenee. Expert de- 
signer, installation and economical Baan vd — 
steam and electrical plants ; complete a Tiesl 
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central stations, ~~ < n tne 
entirety. High 
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ON REDUCTION GEARS. 
By Jonny H. Macatprne. 
(Continued from page 480.) 

Origin and Trials of the Floating Frame.—In 
1904 the late Admiral George W. Melville and 
the writer visited Europe to examine, for the late 
Mr. George Westinghouse, the marine-turbine situa- | 
tion. He was also in Europe at this time and we 
were frequently together. In discussing the ques- | 
tion we often advised him that, in our opinion, 
gearing offered the only hopeful solution which | 
would make the turbine applicable to ships of| 
moderate or slow speed and greatly improve their | 
application to fast ships. But if the gearing was to 
be of practicable size the pinion became so broad 
in proportion to its diameter that it was quite evi- 
dent there would be a great delicacy of alignment, 
which would limit seriously the power which could | 
be transmitted safely. Hence we made no direct | 
reference to gearing in our report. But later a 
rigid-gear design was made, and a close study of 
this made it increasingly certain that the rigid gear 
left much to be desired. It also became evident 
that if the pinion could be put under the control | 
of the large gear, except as to its rotation on its | 
axis, delicacy of alignment might be overcome. | 
Only long-continued study showed how perfectly 
this could be accomplished. Hence the floating 
frame developed, and what I have said in the fore- 
going shows how complete the solution is, not 
only regarding alignment, but in diminishing the 
effects of torsion. The condition required is that 
the moments of the tooth pressures, and therefore 
also those of the bearings, must be zero about some 
point I between the helices, and preferably in the 
centre. This cannot be accomplished by any other 
mode of suspending the bearings or by making the 
large gear flexible. 

The first idea of the floating frame suggested 
itself towards the end of 1905, but did not fully 
develop for a considerable time thereafter. 
submitted it to Mr. Westinghouse in a drawing 
dated September 26, 1906, which shows the float- 
ing frame, pinion, and I-beam, almost identically 
as they were made in the experimental gear; the 
flexible shaft and loose coupling driving the pinion 
developed later. Mr. Westinghouse was immedi- 
ately struck by the advance this opened and asked 
us to make a complete design of a gear which he 
could test. This we at once did, but the building 
of it was delayed by various circumstances, especi- 
ally by the panic of 1907. After the exceptionally 
successful trials of 1909 Mr. Westinghouse wrote 
in the “ Broadening the Field of the Marine Steam- | 
Turbine ”’—a volume privately but widely dis- 
tributed—page 10:—“ The certainty with which 
the floating frame of the Melville and Macalpine 
reduction gear operates to maintain an evenness of | 
tooth pressure and the limitation of the maximum 
pressure to 450 Ib. per inch of tooth contact with a 
load of 6000 horse-power coupled, with a large factor | 
of safety, at once removes this invention from an | 
experimental to a completely commercial apparatus. | 

“T regard this invention as epoch-making in its | 
importance. It has been my privilege to supply | 
the material things which were needed to trans- | 
form the creature of Messrs. Melville and Mac- 
alpine’s imagination into an actual thing of iron 
and steel. The results achieved by the completed | 
machine have fully justified my faith in its ultimate | 
success.” 

Necessity for Very Accurate Gear-Cutting.—It has | 
sometimes been supposed that it is sufficient to | 
give the pinion end play, but, as we have seen, | 
this only divides the power equally between the 
two helices, it does not otherwise condition the 
distribution of tooth pressure. If a pinion is 
out of line, end play alone cannot possibly improve 
the alignment. Messrs. McLaren and Welsh see 
the difficulty very clearly, saying :—“‘ In cutting the 
teeth of gear-wheels and pinions very great pre- 
cision is demanded in order to secure silent running, 
and a proper distribution of the load across the 
whole width of the engaging faces. It is therefore 
evident that the attainment of this necessary 
degree of accuracy becomes very difficult when the 
load to be transmitted by the teeth is considerable, 
and involves the use of a large wheel having a 








broad engaging face. This difficulty may be further | service; also that the gears made no more noise 
increased by the fact that if a pinion bearing heats than when first installed. To properly interpret 
up, the resulting axial expansion of the pinion will | this, I should say that the shop tests had brightened 
cause a large part of the load to be transmitted by| the teeth at once, all along, over a considerable 
only a few teeth.” This is emphasised again by | fraction of the bearing area, leaving tool-marks of 
them a few pages later in the case of some of the | only imperceptible depth; also, the sound of the 
broadest gears in the examples they give, and they gears could only be heard when standing imme- 
then propose dividing the gear into two, as already | diately beside the gear-case—moving to one side 
noticed, to avoid this difficulty. or another caused it to be entirely drowned by the 

I wish to call special attention to the fact that | noise of the turbine or generator. This gear still 
the only reference to inaccurate gear-cutting which | continues to give the same satisfactory service and 
I have so far made occurs in the above quotation. | has never given any trouble or required any repair. 


| is 


We | P® 


I do this for two reasons. 
1. Because it is very commonly supposed that 


What I have said under (a), (5), (c), and (d) entirely | 
contradicts this. 

2. Because many think that the floating frame 
was introduced to counteract, in some way, the | 
effects of bad gear-cutting. That the reason for | 
is fully and clearly stated in the article in 
ENGINEERING, vol. lxxxviii., page 377, already re- | 
ferred to ; and in that article imperfect gear-cutting | 
is not once mentioned. Our stand regarding the 
necessity for high-class tooth-cutting is shown by | 
the following quotation from a letter of July 23,| 
1907, to Messrs. Schuchart and Schutte from my | 
firm, Melville and Macalpine, before their offer to | 
cut the gears was accepted :—“* Extreme accuracy | 
of tooth is the one requisite in the reduction gear. | 
Would it be possible with your gear-cutting | 
machine to finish these teeth, either by milling or| 
grinding, with a maximum error well within jo | 
in.?” They gave us assurance of accuracy. 
Later when, from letters which passed, we thought 
that possibly the contract might be sublet, we wrote: 
“The success of the reduction gear depends so 
entirely on the extreme accuracy of the cutting 
of the teeth that we would like you to assure us 
that no part of the work will be done by outside 
rties.” 

Although the tooth-cutting was of very high 
class, it was not quite so perfect as we, perhaps 
unreasonably, hoped. A slight vibration of the 
floating frame was visible, the total movement of 
the ends being about ;4, in., which, would give 
rise to inertia forces raising the mean tooth pres- 
sure per inch by a small fraction of 1 per cent. at 
full power. It may be that this freedom of the 
floating frame eased the effect of the irregularities, 
but it is difficult to tell. Most or all of this slight 
residuum of error can be obliterated by fixing the 
floating frame when running under light load and 
using emery and lard to grind the teeth, or scrap- 
ing the markings after the run. Thereafter the 
floating frame continues its proper function, with- 
out any vibration, of maintaining good distribu- 
tion of tooth pressure.* 

It will be interesting to show how perfectly this 
is accomplished. The first floating-frame gear 
sold by the Westinghouse Machine Company was 
started at the works of the Commonwealth Steel 
Company, Granite City, Illinois, on March 31, 1911. 
This was used to drive a direct-current generator by 
a low-pressure turbine. It was rated at 736 horse- 
power, but to take a 25 per cent. overload. The 
pinion is 5.55-in. pitch diameter, operating at 3600 
revolutions per minute, giving a power constant of 
1.20 at rated load. Mr. R. A. Bull, the general 
superintendent, wrote me in February, 1912, that 
it was in continuous service five days and five 





nights a week, giving “ perfect satisfaction,” at a 
variable load, 25 to 140 per cent. of its rating— 
corresponding to power constants of 0.30 to 1.68—| 
the average being about 85 per cent. of its rating, | 


and that the tool-marks were still visible in places | 


on the teeth after more than ten months of such 

* That bad tooth-cutting cannot be compensated by 
any device may be very simply shown. Suppose we have 
@ perfectly cut gear, and pinion with helical teeth. We 
may simulate very bad tooth-cutting by filing back por- 
tions, or the whole, of one tooth by ,}, in. When the 
gears are running many teeth are in mesh at one time, 
and those not filed back would entirely prevent the filed 
parts from coming into contact. To cause contact in 
spite of any such irregularity we would have to deal with 
each short length of each tooth separately giving it a 
great elasticity by means of springs or other independent 
adjustment. Some such devices have been proposed. 
While we find as wonderful adjustments in Nature, they 
are far outside of the range of practical engineering. ’ 





| The power constants have been much raised 


since this early gear was put in service, and now a 


| this is the only difficulty requiring to be overcome. | pinion of 5.196 in. in diameter at 3600 revolutions 


per minute is supplied to drive a 1000-kw. gene- 


| rator guaranteed to carry a 25 per cent. overload. 


This overload brings up the power constant to 
3.66. 
One objection has been raised which it is well to 


| its adoption was to overcome delicacy of alignment notice. It has been feared that the floating frame 


would be forced into dangerous vibration about 
the centre I. But the pinion cannot vibrate thus 
further than those minute movements due to the 
slight inequalities of the teeth which may remain. 
Greater vibrations are prevented by the engage- 
ment of the pinion with the gear which is carried in 
fixed bearings. 

Data of Power Constants, &c.—I will now give 
the promised data from gears that have been built, 
are under construction, or have been proposed. 

All the floating-frame gears have been built by 
the Westinghouse Machine Company, licensees of 
the Westinghouse Gear and Dynamometer Com- 
pany. In January last there were in operation :— 


Number of gears ... 90 
Total horse-power 
Total horse-power at overload 

rating one en ose 008 


at normal 


80,245 


99,190 


All of these gears have given exceptionally satis- 
factory service. 
The gears then being built, or built but not yet in 
operation, were :—- 
DUOMBBGE soc. 2ce 000 000. 000 008 
Total horse-power at normal 
rating a ae a 
Total horse-power at overload 
rating oy 


35 


118,535 


A considerable proportion of the gears installed 
and about 75 per cent. of those building are for 
marine applications. 

The .table on the next page gives data of various 
gears, with and without floating frames, and the 
power constants. Though some of those given 
have only been tested in the shop or are pro 
experience from gears in service shows that, with 
a floating frame, power constants of 3.5 and 4.0 
are perfectly safe. 

U.S. Collier Neptune,—I would like to clear 
away the misapprehension regarding this ship. The 
ship failed to come up to her contract speed on 
her endurance trial, and the Official Trial Board 
reported against accepting her turbines and air- 
pumps, but approved the gears which had acted per- 
fectly. The power constant of these at 4000 horse- 
power per gear, for which there was ample boiler 
power—this power was actually exceeded on the 
standardisation trial at a speed above contract 
requirements—and 1220 revolutions per minute of 
pinion and turbine, was assumed the same as that 
of the experimental gear at 10,000 horse-power and 
1500 revolutions per minute of pinion. We had 
only been able to test the experimental gear to 6000 
horse-power, but it was so evident that the rated 
load could be increased that this somewhat long 
leap was decided on It brought the power factor 
up to 2.43. The Neptune’s .pinion was therefore 
made 11 in. in diameter. 

When new turbines had te be made, the Navy 
Department desired the propeller speed reduced 
from 135 revolutions per minute, as in the first 
installation, to 110, corresponding with that of the 
sister-ship Jupiter. Probably now double reduc- 
tion gears would be adopted, but the late Mr. 
Westinghouse determined to reduce the pinion to 
7 in. diameter, running at 1910 revolutions per 
minute. These gears are now in the ship which 
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Rea ae | power water rate per horse-power hour, the power 
; x Ne weeets, SEAS: os _| being measured by a torsion-meter on the propeller 
PINION. shafting, is 11.68 lb. for turbines only, or fully 
Scie Pitch - pw . —|8 per cent. worse than the Westinghouse Machine 

| orse- Power cle r , . . . 
Reduction Gear. Kind. | per Gear. Dia- oma Pitch | Length Number Revolu- Power | Company's guarantee. This is precisely what one: 
meter Per | _ Circle | __ of of tions per = Con- would expect; for, with equally well-designed 
of Gear. Gear. ee =e Teeth. | Minute. stant. | machinery, the geared turbine will always show a 

= 2h. , 

sn reves | | considerable economy over the turbo-electric drive ; 

ae in. | in the auxiliaries are practically the same ; the loss of 

A. Hope Natural Gas Com- Floating | 3400 120.089 1 10.007 | 40 25 1500 2.26 wer in the r transmission is from 1 to 2 r 
pany Frame po . : “ 

B. Cleveland Blectric Iumi-| 5, 5500 99.689 1 10.392 | 40 26 1800 2.72 os Bara = — Pepe of er in 
nating Company | e turbo-electric ve must entall 4 minimum ioss 

* SS i ' . 2 7.794 32 2 4 oz | : : 
CG. U5.8. Melville . = = aaa —_ ae in the neighbourhood of 10 per cent., and sometimes 
D. Cruising gears for U.3.8. | ,, ” 2000 78.520 1 6.351 24 21 2500 3.12 a good deal more. 
rizona : 

E. Standard 1000-kw. gear | oe wn soaay | 25 5.196 20 26 3600 | 3.66 Py ye py 2 —— even to 25 per cent. 
(normal rating) (with overloa H oad, Fig. rea refe: 

F. Cruising gears for U.8.8.| , ,, | 1600 total 69.474 2 4811 22 24 130 | 399 |? pe bi oe A h red — for the 
Pennsylvania 800 per pinion | Bea turbine a very slight rise of steam con- 

Ga. a — = Twin - Screw| , — 4 129.326 2 7.506 31 25 3600 3.61 | sumption, at least equalling the performance of 
ru | ° ° . . : ° 

Ht W.M. Co. Proposals for Eye 8500" 48.5 1 9.9 39 26 2200 3.98 | oo ee drive . this respect. = — respect 
recently-let U.S. tor- | oes the electric drive surpass the gea turbine. 
do-boat destroyers(I) | | ° ° 

u. Ditto ditto (| » 4250 b.p. 53.1 2 Go4hp. 27 23 3000 | 403 The —_— —— ry promptly, with less manipula- 

4250 Lp. -64 Lp. | tion, a ith a 2 r— 

H. Ditto ditto. Offer by | Rigid | 4500 hp. 66.0 | 2 |10.75hp.| 27 | Not | 2750hp.| 132hp. | Om om = Ss aa. on, panned en OF or 
manufacturer of rigid | Gear | 4500 Lp. 17.5 Lp. known 1689 Lp. - Lp. | Per cent. o he ea a be used in 
gears going astern or the engines will race; the geared 

. Vv " » —» | 1095 total 99.5 2 5.0 24 20 j be “ P 

. oe | Lead per pinion —_ 3.00 | turbine is the simplest steam system, while the turbo- 

J. 8.8. Transylvania and ,, » | 5450 per gear Nearly 2 9.6 | About About 1707 1.80 | ic i i i 
Tuscania. | 2725 per pinion 120 4 | 33 | clectric is the most complex, with # complexity 

K. 8.8. Ciudad de Buenos| ,, ,, | 2900 per gear 54.275 2 6.233h.p.| About Not  2320h.p. 2.58h.p. | almost forbidding; the geared turbine is simpler 
Aires and Ciudad | 1450 per pinion 8.831 Lp. 28 known | 1630Lp. 1.29Lp. | 


de Monte Video 


| 


in operation, and requires only steam engineers, 
while the electric drive demands men who are 





A. This gear transmitted the power to gas-compressors, and as the torque from these varied greatly per revolution the power 
It was put under load on November 1, 1914, when it ran continuously, 

except for about two hours each week, at 3400 horse-power till shut down for the summer, on May 31 of this year. 

on December 4, 1912; the second on January 20, 1913. 


constant was kept low. It is not needed in the summer. 


3. The first of two gears was started 
guaranteed 25 per cent. overload. 


C. This ship has just completed her official trials. On the standardising trial she developed 4280 shaft horse-power at 


On the 48-hour endurance trial she averaged 4100 shaft horse- 
power constant of 3.21. 


1350 revolutions per minute, giving a power constant of 3.35. 
power at 1350 revolutions per minute, giving a 
» Th 


constant of 3.29. 
E. There are three of these in service, the first having been 


is the guaranteed overload capacity, with allowance for the efficienc 
F. This has been tested in the shop for 10 hours at 1600 brake horse-power and 1733 revolutions per minute, giving a power 


constant of 4.15. 
G. These are at present under construction for two Swedish w: 


H. The machinery for these ships was awarded to bids offering d 
the centres of the pinions were fixed to accommodate the turbine design adopted. Otherwise the power constants would un- 


doubted! 
1. T 


have been higher. 
 Vespasian’s geared-turbine machinery was built by t 


h 


February, 1910. The figures given in the table are from the highest run of the progressive tr’ 


of the Institution of Naval Architects, 1910, e 172). 
Transactions of the Institution of Naval Architects, 1911, Part I., 
and pinion speed to be 630 total and 1363 revolutions per minute 
helical angle is 20 deg. 


J. Though these ships were by different builders, the turbines and gears are said to be identical. 
quite full (see ENGINEERING, vol. xcviii., page 538, and vol. xcix., pages 184 and 187.) The pinion diameter een is probably very 
nearly exact; the axial length of helix and number of teeth in the pinion are more indefinite. The power is taken from the 
highest trial-run of the Tuscania, no doubt above the service power of the ship. 

K. The data given is from the article and drawings in ENGINEERING, vol. xcvili., page 745. The power and revolutions and 
consequent power constants are from the official measured-mile trial. 
of the pinions and the ratio of the revolutions, the former no doubt being correct. 


45 deg. 


will soon be tried. The shop tests gave most notable 
results. The two sets were coupled large gear to 
large gear. The pinion of one was driven by a 
turbine, and in the other gear the pinion was driven 
by the large gear, which is by no means the most 
favourable condition. This pinion actuated a 
water brake. The highest power transmitted 
was 3600 brake horse-power for about one hour at 
2030 revolutions per minute of pinion. This gives 
a power constant of 5.18. It was operated for 
about six hours at from 3200 to 3600 horse-power. 
The teeth were found to be in excellent condition. 
This highest power will drive the ship considerably 
above the contract speed. This very remarkable 
result was obtained with a value of 2 h/D = 5.15. 
There is no reason to suppose the power trans- 
mitted is a limiting value, and I believe the safe 
load could still further be raised by restricting 
2 h/D to 4 or rather less. Though the 6000 horse- 
power transmitted by the experimental gear was | 
considered a remarkable result at the time, and it | 
was the highest safe load we hoped for, yet a power | 
constant of 5.18 is equivalent to raising this 6000 | 
to 21,350 at the same pinion speed, 1500 revolu- | 
tions per minute. 

Thus the Neptune’s gear trials, instead of 
being a failure, as many have belie-ed, have actually | 
given far the highest and best results yet attained. | 
The Neptune ran her standardising trial on 
November 17. The same day she commenced her | 
twelve-hour full-power trial. The average results | 
of this latter trial were :— 





~ oy gee oss 14.23 knots 
Shaft horse-power 


7175 total 
R.P.M. of propellers 115.34 
R.P.M. of pinions 2003 


Power constant ... 


Coal per shaft horse-power . 1.528 lb. per hour 


ese have been tested in the shop for one hour at 2330 brake horse-power and 2597 revolutions per minute of pinion, 
giving a power constant of 3.50; and for 10 hours at 2000 brake horse-power and 2374 revolutions per minute, giving a power 


The average service speed of the ship is 





both steam and electric engineers; the geared 
— main drive is many per cent.— in some 
cases 30 per cent. —lighter, and occupies less 
space; it is not readily liable to total disablement 
| from water, as is admitted to be the case with the 
| electric drive ; finally, it has a simple oil cooling 
system, against the large air-ducts of the electric 
| drive, which have to carry off about 10 per cent. of 
| the power, and may readily convey water or moist 
| air to the generator and motor. I do not know of 
any good excuse for the adoption of electric drive 
on board ship. 
(To be continued.) 


The power given is the 
The operation was highly satisfactory in every respect. 


put in operation on October 2, 1914. 


The horse-power given 
of the generator. ” & 


arships, of 22,000 horse-power each. 


besb-egumested turbines. No doubt in the rigid-gear bid 


he Turbinia Works Company and was put in commission in 
is of April 11, 1910 (see Transactions 
given as about 9.3 knots (sce 
page 32). From the diagrams we find the corresponding power 
respectively. The corresponding power constant is 1.85. The 


The 


fal 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

On Friday, the 19th inst., the last ordinary general 
meeting of the 1915-16 session of the above Institu- 
_ tion was held at the Institution of Civil Engineers, 
| Great George-street, Westminster, the President, 
| Professor W. C. Unwin, F.R.S., occupying the chair. 
The machinery acted admirably throughout the | 
trials. The guaranteed coal consumption per shaft; The formal business of the meeting having been 
horse-power is 1.8 lbs., but while the trial result is| transacted, the President announced that the 
fully 15 per cent. under the guarantee, it is con-| Council, acting under the powers conferred upon 
siderably above what can now be accomplished. | them by the Articles of Association, had nominated 
The designs of neither the first nor the second set | Sir Alfred F. Yarrow to be an honorary member of 
of turbines for this ship were made by the leading | the Institution. Sir Alfred had, he remarked, long 
turbine men of the Westinghouse Machine Company. | been an ordinary member, and the Council con- 
They did not approve of them, and did not expect | sidered that the time had come to place him on the 
them to attain good efficiency. The water for the| list of honorary members. Sir Alfred had had a 
turbines only was 13.4 Ib. per shaft horse-power | distinguished career as an engineer, and he had 
hour, and for all purposes 15.8 Founding on | taken a great part in the development of fast 
a guarantee made by the Westinghouse Machine destroyers, while his boiler had been fitted in all 
Company for marine machinery, they are now the later types of warships. In research work he 
building (see Fig. 8, given later in this article), the had done much, particularly in investigating the 
consumption of the turbines only in the case of a | effect of depth of water on the speed of ships. 
large ship should not exceed 10.8 lb. of water per | Perhaps, however, the principal reason for recog- 
shaft horse-power hour, and they confidently | nising his merits was in the fact that he had done so 
believe that there is a comfortable margin in the much for the country in various ways. He had, 
guarantee. This is 19.4 per cent. under the result | for instance, at his own expense, established at 
attained by the Neptune. Bushy the admirable and well-known tank for 

The Neptune's sister-ship, the Jupiter, which | experimenting with ships’ models, probably the 
has a turbo-electric drive, showed on her full best of all such tanks that had been built. At 
power trials a coal consumption per shaft horse- Bushy models were tested and suggestions made for 
power of 1.664. This excess over the Neptune’s the improvement of the lines of ships, which, as 
result is in part due to inferior firing and less the speaker knew personally, were saving consider- 
economical auxiliaries ; but the loss of efficiency in | able sums to the builders. In addition, Sir Alfred 
transforming the work of the turbine into electric had established at Broadstairs an admirable con- 
energy, and its re-transformation by the motor, is valescent hospital, now being uscd for wounded 
an important contributing cause. soldiers, and in many other ways had been exceed- 

The first design of turbine built for the Jupiter | ingly generous in helping the country during the 
was rejected after trial, and an improved design | present time of stress. 
adopted. This latter was so satisfactory that the| The President further announced the purchase by 
builders, the General Electric Company, improved | the Council, acting under their powers, of an oil 
all their commercial designs to correspond. (See | painting bearing date 1736. This painting repre- 
Journal of the American Society of Naval Engineers, | sented one of the very earliest experiments with 
vol. xxvi., pages 347, 348.) The Jupiter's full-| steam navigation, and showed a tug built by 
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Jonathan Hulls, equipped with a Newcomen engine, 
working through ratchet gear to drive the paddle- 
wheel. Of course, at that period nothing really 
serious had been done in steam navigation, but 
the experiment was very interesting. 

The Secretary then read the ballot list for the 
election of members, from which it appeared that 
87 candidates had been duly elected. Seven trans- 
ferences had also been made from the class of 
associate member to that of full member. 


Spur-GEARING. 


The paper set down for reading and discussion 
was one entitled ‘“‘ Spur-Gearing,” by Mr. Daniel 
Adamson, member, of Hyde. This paper we com- 
mence printing in full in another part of the present 
issue, and accordingly proceed to the discussion. 

This was opened by Mr. H. Hubert Thorne, who 
remarked that the subject of the paper was par- 
ticularly interesting to him, since he had devoted a 
large part of his time and engineering experience 
to the question of gearing. Mr. Adamson had 
observed that there was no need to give much 
consideration to the question of outline on account 
of the exhaustive work carried out by engineers in 
the past. The speaker would say that the con- 
sideration which Mr. Adamson had himself devoted 
to this question afforded clear proof of the fact 
that it was by no means exhausted, and that much 
remained to be said. He regretted that the author 
had confined himself to straight-tooth gears, 
because he (the speaker) did not, in view of the 
rapid advances of the last few years, consider the 
subject complete without some reference to helical 
gears. Mr.’Adamson had mentioned Bruc2’s advo- 
cacy of a greater pressure angle to increase the 
strength of teeth, it being stated, in support of the 
advantage to be gained by this increase, that 
engineers could thus use a finer pitch and, conse- 
quently, more teeth; a greater number of teeth 
would be in engagement at one time. The speaker 
regarded this contention as correct, but it appeared 
to him that those who had given preference to the 
double helical, rather than the straight, form of 
tooth sought to achieve the desired end in a much 
better way. In the case of the double helical 
tooth-gear, by increasing the face width it was 
possible continually to bring in more and more 
teeth. With the straight-cut tooth, no matter how 
the face width was extended, the conditions of 
engagement of the tooth could not be in any way 
improved. The author had referred to Lasche’s 
recognition of the effect of rate of curvature of the 
surfaces in engagement on the breadth of the line 
of contact, and, in the speaker’s judgment, this 
part of the subject had not received the considera- 
tion it deserved from engineers generally. He 
thought it apparent that Lasche was correct in his 
contention that, with small curves, the lubricant 
used was readily displaced, and, in designing gears, 
consideration should be given to this fact; where 
very small pinions, and consequently small curves, 
were used, the face width should be increased, in 
order to allow for the factor alluded to. The 
speaker’s firm took that factor into consideration in 
the design of gears. 

Mr. Gerald Stoney agreed with the last speaker 
that it was a great pity that the author had not 
dealt with the modern developments of gearing. 
These developments, as exemplified in the applica- 
tion of geared turbines, especially for marine work, 
had made enormous progress during the last few 
years. Powers of over 10,000 horse-power per 
pinion, pitch velocities of between 6000 and 7000 ft. 
per minute, and pressures up to 700 or 800 Ib. per 
inch were now in common use. This enormous 
development had been rendered possible entirely 
by the use of very accurately cut helical gearing, 
and the speaker considered that the introduction 
of such gearing had completely revolutionised the 
use of gears, such powers being totally unprece- 


dented in former days. For smaller powers, such | 
a8 required for geared pumps, &c., helical gears, | 


accurately cut, were very Jargely used in place of 
taw-hide pinions, which hitherto had been employed 
vo a considerable extent. He believed that in the 
future, for a great deal of work, helical gears would 
be used exclusively, instead of straight-cut gears. 
Mr. Stoney pointed out that the probable total 


inaccuracy of pinions, for a pitch velocity of 6000 ft. 
per minute, was something of the order of one- 
thousandth of an inch. This is the maximum 
‘deviation at any point of the pinion from the truth, 
| the inaccuracy between any two teeth being vastly 
smaller. The possibility of getting such gears to 
run silently at such high speeds was dependent on 
exceedingly accurate cutting ; considerable difficulty 
had been met with in getting such gears to run 
silently, but by the use of accurately-cut gears, 
such as were made by several firms in this country, 
the difficulties had been completely overcome. 
[Mr. Adamson here inquired as to the pitch of the 
gears referred to, Mr. Stoney replying that the usual 
pitch was about 0.815 in.] 

Mr. Walter J. Iden referred to the fact that the 
author had not touched upon the question of 
grinding gears after they were hardened. Grinding 
gears to their true form, after hardening, was a 
process now used in connection with motor con- 
struction. 

Mr. Arch. Sharp, whose communications to the 
Institution of Civil Engineers had been referred to 
| by the author, explained that his knowledge of the 
subject under discussion was practically confined 
to the mathematical side. In those communications 
the speaker had endeavoured to carry out sugges- 
tions derived from the text-books of Professor 
Unwin, and to tabulate a series of circular ares that 
would be of practical use to the draughtsman in 
laying out such gears as the author had dealt with. 
He might generalise his views as to the accuracy of 
the form of the teeth in saying that the tooth form 
was of very little importance compared with 
accuracy in carrying out the work. In other words, 
to make a mathematically accurate wheel, or pair 
of wheels, of correct theoretical form, as satisfied 
by the well-known involute or cycloidal forms, it 
was necessary that each tooth should be an exact 
replica of every other, and all must be of exactly 
the same pitch. The speaker had investigated the 
errors due to the substitution of circular arcs for 
true curves, and he would take at random an example 
from the tables that formed the appendix to his paper. 
Taking a pair of wheels geared 1: 3, with 16 teeth 
in the smaller wheel, the maximum error due to the 
circular arc outline, instead of the theoretically 
accurate one, was 0.38 of 1 per cent. From another 
part of the speaker’s paper, it appeared that an error 
of 1 per cent. in the velocity ratio corresponded to 
an inaccuracy, at one part or other of the tooth 
outline, of one-thousandth part of an inch. He 
ventured to suggest to Mr. Stoney that the in- 
accuracy in the case to which that gentleman had 
referred must be much closer and finer than the 
limits stated, and would probably be measured in 
ten-thousandths of an inch, or fractions thereof. 
The author had referred to Lasche’s work on the 
errors due to displacement of tooth outline. It was 
a well-known fact that the greater the number of 
teeth in a pair of wheels the more smoothly they 
worked. One result of the speaker’s paper was 
| that, in the tooth forms discussed, the magnitude 
| of error varied inversely as the cube of the number 
|of teeth. Referring again to the pair of wheels 
| with 16 teeth to the pinion, if the number of teeth 
| were increased to 32, the error would be reduced to 

zie Of 1 per cent. In that, the speaker considered, 
was a mathematical accuracy greater than the errors 
| due to the best results with mechanical grinding. 
| With regard to the general laying out of the tooth 
| outlines of a pair of wheels for mill-gearing that had 
| to be designed de novo, the speaker did not think 
| that engineers had paid sufficient attention to the 
| dicta laid down by Mr. Michael Longridge—i.e., that 
nearly all teeth were made too long in the addenda. 
If engineers would be content with a shorter tooth, 
each tooth—acting as a cantilever—was in a much 
| better form to resist the bending stresses at its root. 
In this way the bending moment was reduced, as 
| were also the thicknesses and the pitch, while the 
number of teeth would be increased. As he had 
said, the point deserved greater attention ; indeed, 
if Mr. Stoney, or someone else, would give particulars 
as to tooth outline, and other data relating to 
geared turbines for very high pressure, these would 
constitute a valuable supplement to the paper. 
Mr. Walter Pitt inquired whether it was not a 








fact that, where it was desired to have cutters that ! 


would cut wheels which would gear with a uniform 
velocity ratio, either a cycloid, with generating 
circles for the tops and bottoms of teeth of equal 
size, must be used, or else straight-sided racks, with 
involute teeth. The moment a departure was made 
from the straight-sided rack, as would be the case 
when trying to cut too small a number of teeth with 
the involute, the result would be fouling. It had 
been remarked that the cutters of one firm were a 
trade secret. He would ask whether that was not 
a simple case of “ fudging”’ the curve to get rid of 
the fouling. When the rack was fudged, it was 
no longer a straight line, and the velocity ratio had 
to be dropped. Was this not one of the reasons 
accounting for inertia difficulties? A previous 
speaker had observed that with helical gearing 
more teeth could be got into contact than in the 
case of straight teeth. The speaker was strongly 
in favour of helical gearing; but did the increase of 
breadth of helical gearing increase the number of 
teeth in contact ? Was not a simple displacement 
of the same profile taken in different positions ? 
He was of opinion that much of the trouble with 
involute teeth arose from trying to set wheels with 
too small a number of teeth on the pinions. In his 
schooldays he was told that involute teeth could 
not be cut with less than 20 to 30 teeth in a true 
involute. Any departure from that involved 
fudging. 

Mr. W. E. Sykes considered the subject of the 
paper both interesting and important. Some of the 
author’s remarks provoked criticism; while many 
might have been justified in the past, conditions had 
altered so much recently as to bring about a complete 
change of ideas. With regard to wear, the author 
seemed to imply that short teeth were considerably 
better than long ones. This view was generally 
accepted as correct, but the speaker doubted, 
in most cases, the advantage of shorter teeth. The 
pressure angle was another question calling for 
considerable investigation and discussion. For 
a number of years the 144 deg. pressure angle was 
regarded as correct practice, but more recently a 
pressure angle of 20 deg. had been advocated and, 
to a great extent, adopted. Not many engineers, 
however, had adopted a larger angle. A pressure 
angle of 224 deg. had been used, and, according to 
all published reports, had been used with satisfaction. 
It might interest members to learn that for some 
time past turbine gears run at the speeds and with 
the powers indicated by Mr. Stoney had been made 
with a pressure angle considerably greater than 224 
deg.—in fact, approaching 28} deg. These gears 
had been transmitting power and working 
constantly at their designed load for some- 
thing like twelve months, with every success. 
It would therefore appear that pressure angles might 
be increased with great advantage. Reverting to 
length of tooth, with a pressure angle of 22} deg. 
he had not found in practice that it was necessary 
to alter the length of the tooth below the standard 
proportions for double helical gears, which, he might 
remark, were shorter than the Brown and Sharpe 
standard. Mr. Sharp had contended that gears 
with the larger number of teeth ran more sweetly 
than those with small numbers, but the speaker 
would assume that Mr. Sharp had not meant this 
contention to apply to helical gears, because pinions 
with seven to fifteen teeth were frequently used, 
and were found to run as sweetly as could be desired. 
The author had quoted statements to the effect that 
revolving masses should not be rigidly connected to 
pinion shafts. In this relation the speaker would 
point out that at least one well-known firm had 
adopted the practice of coupling the flywheels to 
the pinion shafts of very heavy rolling mills in 
order to overcome the peak loads. This had been 
applied to mills up to 500 horse-power, and such 
gears had been running quite successfully since 
1911. No doubt when the statements quoted were 
made the art of gear-cutting had not reached its 
present stage. On the question of the curves of 
gear teeth, he gathered from the discussion that 
this matter was a little misunderstood. At one 
time it was commonly held that teeth should be 
either cycloidal or involute. The speaker would 
like to refer those interested to Grant’s book, which 





fully explained the matter. Grant there stated 
that for teeth to be correct they needed merely 





494 


ENGINEERING. 





[May 26, 1916. 





to be odontoidal. This condition could be met 
either by the cycloidal or involute tooth, or by many 
other forms. The involute tooth was adopted at 
the present time because its curve could be generated 
with comparative ease by mechanical means. The 
paper and discussion did not seem to deal with the 
question of the theoretical generation of teeth. 
The turbine gears now made were, for the most 
part, generated by the hobbing process, with excel- 
lent results. The hobbing process might be regarded 
as theoretically accurate, and answered all practical 
purposes for moderate requirements. Other pro- 
cesses had, however, been invented, employing 
shaping tools, instead of the milling process with 
hobbing. By the shaping process the teeth of 
cutters could be accurately produced. That was 
to say, after the cutters were hardened, the teeth 
could be ground mathematically accurate. He had 
taken up generation by means of shaping tools 
some five years ago, and had since developed a new 
process, which would shortly be described in the 
technical Press. He might say, however, that the 
cutters used were in the form of a single helical 
pinion, and, after hardening, were ground by a 
particular mechanical method, which undoubtedly 
produced an involute curve without the slightest 
modification. The helical teeth produced had 
pointed apices, and were practically correct in 
every respect. The question of departing from the 
involute had been raised by Mr. Pitt, but the 
speaker considered that an incorrect impression 
was conveyed by saying that when straight-sided 
racks could not be used the involute must be 
departed from, as after exhaustive investigation it 
appeared to him that there was no reason why the 
straight-sided rack should not be used in generating 
processes. Mr. Pitt had further raised the question 
of the number of teeth in engagement with increasing 
face width in helical gears,- but the speaker would 
say that there was no doubt whatever that in the 
case of helical gears it was possible to get a very 
large number of teeth in engagement merely by 
increasing the width of the tooth. 

Mr. Holroyd Smith was the next speaker. After 
commenting upon the way in which modern instru- 
ments had robbed the old millwright of his handi- 
craft, he referred to the personal satisfaction he 
derived from the author’s statement that durability 
was dependent upon accuracy of construction as 
much as upon correctness of design. In the 
speaker’s early experience this accuracy of construc- 
tion was exceedingly difficult to obtain, and to 
produce well-made wheels he had adopted the plan 
of eliminating, as far as possible, the decimal points 
which figured in modern text-books. He preferred 
to reduce measurements to something definite, such 
as 4 in. He recalled having to make wheels that 
should run smoothly and noiselessly at high speed. 
He had decided upon the involute type as being 
much preferable to the cycloidal; in fact, he 
believed he was one of the earliest advocates of 
the use of involute gearing in practice. When it 
came to designing the involute tooth according to 
the mathematical theories and formule in the 
books then existing, he saw that it would be hopeless 
to get any pattern-maker or founder to do it 
accurately by the aid of compasses. He accordingly 
made a drawing based upon careful study of the 
matter. Having first set out the tooth in the 
correct theoretical manner for the involute, he 
endeavoured to see how nearly he could approach 
that by setting his radial line, and striking that line 
by some measure that could be taken by the 
ordinary compasses, He succeeded in describing 
a curve of 2{ in.; there were no decimals. He 
produced in this way an exceedingly smooth and 
perfectly running wheel, as nearly as possible like 
that represented by the auther in Fig. 8 of his paper. 
In this connection, Mr. Holroyd Smith narrated the 
circumstances in the case of a works in which, by 
the substitution of these involute wheels, made 
according to the method he had just described, for 
wheels of an older type, comparatively noiseless 
running had resulted, and the menace of litigation 
had been removed. 

Mr. Walter Pitt, speaking a second time, observed 
that he was quite aware that the rack might be 
made of any shape desired, with any curve as its 
true mating curve to get uniform velocity ratio. 





Was it not the case that if wheel A were cut off a 
given rack, and wheel B were cut off a given rack, 
A would gear with the rack and B would gear 
with the rack; but if it were desired that A should 
gear with B, the rack must be straight-sided ? 

Mr. Daniel Adamson then replied briefly to the 
discussion, promising to deal more amply with it 
in his written reply. Mr. Thorne had raised the 
question of helical gears, and in answer the speaker 
would say that he intentionally avoided referring 
to these gears in the paper, as it was not his object 
to discuss helical versus straight teeth. Objections 
could be raised to helical gear, just as advantages 
could be claimed for it. Judging by certain long 
articles appearing in ENGINEERING, the helical-gear 
people seemed to be well occupied in looking after 
themselves or in watching one another. The 
speaker’s object had been to endeavour to show the 
correct principles, and if these were thoroughly 
understood they could be applied equally well to 
the straight tooth or the inclined tooth. Mr. 
Stoney had mentioned an example of pitch velocity 
of 6000 ft. per minute, very much higher, of course, 
than the velocities which the speaker had referred 
to in his diagrams. He agreed with Mr. Sharp in 
thinking that Mr. Stoney must have been in error 
in regard to the amount of inaccuracy involved. 

Mr. Stoney here pointed out that the ross in. 
he had mentioned would be between any two parts 
of the wheel, and not between adjoining teeth—~.g., 
there might be large wheels, up to 14 ft. in diameter, 
with no part more than ry'ss in. from the truth. Mr. 
Adamson admitted that that would make a great 
difference. His experience in the case of adjacent 
teeth showed the error to be in the neighbourhood 
of reso in. to risa in. 

Mr. Walter Iden had spoken of the grinding of 
gears. He (Mr. Adamson) had not studied the 
grinding of gears, but he imagined that the involute 
shape would be used, so that the sides of the teeth 
could be ground with the straight-sided wheel 
corresponding with the rack cutter which had been 
mentioned. Mr. Sharp had alluded to possible 
errors in pitch, or possible errors in angular velocity 
ratio, which might follow the adoption of his (Mr. 
Sharp’s) circular ares, correctly expressing the 
fact that the error due to the adoption of the circular 
are would be much less than the errors quoted in the 
paper. But, as the speaker had said, the advantage 
of the involute shape was that it allowed the 
generation of the correct shape geometrically, 
without the interference of the human element. 
Mr. Sharp had mentioned heavy gearing. In this 
connection, he might say that he had recently seen 
some teeth developed by an engineering friend, for 
the latter’s own practice, of | in. pitch, 20 deg. 
involute, with an addendum of 0.178 in. Mr. Adamson 
had been pleased to be able to point out to his friend 
that the duration of contact in the case of such teeth 
was covered by Table I. in the paper. Mr. Pitt 
had put a question relative to the cycloidal and 
involute forms. As the speaker understood the 
matter, those were the two theoretically correct 
shapes, the only usual departure being in the 
direction of circular arcs, which had been carefully 
explained by Mr. Sharp. He believed also that the 
original authority, Willis, used circular ares to 
approximate to the correct geometrical shapes ; 
that was subsequently improved upon by Grant, as 
mentioned in the discussion. The inertia difficulties 
alluded to by Mr. Pitt were due to errors in the pitch, 
which were very much greater than the errors in 
the theoretical shapes. The assumption was that 
the theoretical shape was right, because it was 
much easier to measure the error in the pitch than 
the error in the theoretical shape. Mr. Pitt had 
also inquired whether, as a fact, the increase of 
breadth of helical gearing did increase the number of 
teeth in contact. The speaker believed that this 
must be so, for the reason that as the width of the 
pinion was increased the number of teeth in contact 
would increase, because more of them would engage. 
Mr. Pitt had mentioned the minimum number of 
teeth in the pinion for the involute shape ; that was 
suggested by the remark in the paper to the effect 
that, where a straight-sided rack-tooth was used 
in order to avoid “interference” the angle of 
obliquity must be increased to 22} deg. if a 12-tooth 
pinion were to be the least of the series. The limit 





was in the neighbourhood of 12, 13, or 14 teeth. 
Mr. Sykes had expressed a preference for long teeth 
as compared with short ones, the explanation of 
this preference being in the fact that Mr. Sykes was 
advocating an angle of obliquity much in excess of 
any suggested in the paper. With an angle of 
obliquity of 28} deg. it would be necessary to increase 
the length of the tooth ; otherwise the duration of 
contact would be too short. The speaker considered 
that the limitation of the obliquity angle to 20 deg. 
arose from a desire for a universal system. If only 
one pair of wheels were to be made, as in turbine 
reductions, the number of sets of wheels to be made 
would be limited to a small range, and the angle of 
obliquity, or any other detail, could be controlled 
by convenience. But where a universal system was 
desired, to run from a 12 or 13-tooth pinion up to the 
rack, a reasonably low angle of obliquity became 
obligatory. Mr. Sykes had stated that pinions with 
a small number of teeth would run satisfactorily, 
and had, in this relation, somewhat misinterpreted 
Mr. Sharp. The speaker understood Mr. Sharp to 
have said that the possible error in his (Mr. Sharp’s) 
system of setting up the teeth would vary inversely 
as the cube of the number of the teeth, so that with 
Mr. Sharp’s system it was an advantage to have a 
greater number of teeth in the pinion, just as it 
would be with Mr. Sykes’s system. The only 
objection in the case of Mr. Sykes would lie in the 
probability that that gentleman used a very high 
number of revolutions per minute. If a large 
number of teeth were put in a pinion making a large 
number of revolutions per minute, a high velocity 
would result. The speaker was obliged to Mr. Sykes 
for his reference to the application of. flywheels near 
pinions; this was certainly an improvement on 
the examples quoted by Lasche about 20 years ago. 
Further, Mr. Sykes had quoted Grant as stating that 
odontoidal shapes would be quite as satisfactory as 
cycloidal or involute shapes. The speaker thought, 
however, that all that Grant would say would be— 
just as Mr. Sharp and, years before, Willis had said, 
and as Mr. Holroyd Smith had indicated—that by 
the use of the circular are an approximation could 
be made to the theoretically correct shape, with 
which satisfactory results could be obtained. Mr. 
Sykes had agreed with the speaker as to the ease 
with which the involute shape could be generated. 
No doubt the hobbing process mentioned was a 
great improvement on previous methods, but 
systems were now being introduced in which the 
cutters could be ground after hardening, and which 
employed a straight-sided cutting edge, so that the 
cutters could be geometrically reproduced with 
accuracy and ease. It would be interesting to 
read the published particulars of the new method 
mentioned by Mr. Sykes. Mr. Adamson believed 
that there were already in use methods in which 
the shaping process was employed as he had 
described, with a straight-sided rack cutter. He 
did not consider that Mr. Holroyd Smith could 
claim to be one of the earliest advocates of involute 
teeth, in view of the reference to Euler's work 
(dated 1760) in the paper. 

The President then announced that Mr. Adam- 
son’s paper would be further discussed at a meeting 
of the Institution in Manchester on Tuesday, the 
23rd inst. We subjoin a report of this meeting. 
The proceedings were brought to a conclusion by the 
passing of a vote of thanks to the Institution of 
Civil Engineers for the loan of their lecture-room 
and for the facilities they had afforded in many 
other ways during the session. 


MEETING AT MANCHESTER. 


On the members assembling at 7.30 P.M. in the 
room of the Engineers’ Club, Albert Square, Man- 
chester, Mr. Worthington, the Secretary, announced 
that Professor Unwin had been unable to come 
and preside at the meeting. Mr. M. Longridge 
was at the present time at the Front in France, 
and other members of the Council who resided in 
the neighbourhood of Manchester were also not 
able to attend the meeting. He asked the members 
present to appoint a chairman, and Principal 
Garnett, of the Manchester School of Technology, 
was unanimously voted in the chair. 

The chairman, after expressing his thanks for 
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his selection as chairman of the meeting, stated 
that the author had carried out a large amount 
of work on gearing and had also reviewed former 
work on the same subject and had put this latter 
in a more convenient form. He (the Chairman) 
added that British engineers had contributed to 
the subject principally in the earlier stages, and the 
information they had contributed was of much 
value. Mr. Longridge had pointed out twenty- 
five years ago the damage which resulted from the 
concentration of the pressure on the end of the 
teeth and had advocated the reduction of the tooth 
length, and the author by calling attention to 
Lasche’s work showed how much there was in 
that done by Mr. Longridge. 

The author thanked the Chairman for his remarks 
and read his paper in abstract. 

The discussion was opened by Mr. Alfred Saxon, 
who said the paper showed evidence of a large 
amount of work on the part of the author. The 
title, however, was a little misleading, since it 
was meant to cover all plain toothed wheels. The 
author had referred to the introduction of the 
wheel-moulding machine, followed by the gear- 
cutting machine, for cycloidal and involute teeth, 
yet there was still a very large amount of gearing 
manufactured in cast iron and cast steel from 
patterns by moulding. The involute form of teeth 
was used for pitches up to 3 in., and the cycloidal 
form for pitches above 3 in. For mill drives the 
cycloidal form gave the best results with the grease 
lubrication generally used. He (the speaker) 
mentioned that some years ago he carried out some 
experiments in the direction put forward by Mr. 
Longridge, who recommended a 4-in. pitch with a cog 
2 in. long. The speaker was understood to say 
that this was not successful, and now the length 
of cog was five-eighths the pitch, which did well in 
practice and was between Brown and Sharpe’s 
and the author’s own practice, Brown and Sharpe’s 
being eleven-sixteenths and the author’s nine- 
sixteenths. He (the speaker) added that that 
referred to cast and machine-cut wheels, and that 
the author had adopted a good standard. The 
author had referred to statements made by 
E. Graves at the Engineers’ Club, Philadelphia, 
but the information should be completed by a 
statement as to whether the teeth were machine- 
cut or not. He (the speaker) would also like to 
know whether the teeth on the New York Subway, 
also referred to by the author, were cast or cut, 
also whether the Bolton wheels were cast iron or 
cast steel; he added he would contribute to the 
Proceedings by correspondence particulars of a 
good example of a cast-steel wheel running at a 
speed of 3000 ft. per minute, with double helical 
teeth, driving from 1000 to 1250 horse-power. 
He would also state the number of teeth. 

Mr. Joseph Butterworth congratulated the author. 
He would like, however, to remark that the paper 
predicated absolute accuracy in every respect; for 
instance, that the teeth should run in absolute 
circles, with fixed centres, the shaft being in perfect 
alignment and perfectly rigid, there being no slack- 
ness in the bearings, all of which conditions did 
not obtain in every-day practice. Want of align- 
ment, to take one point, led to unequal pressure on 
the teeth. The author had referred to the wear 
on teeth and had recorded Biichner’s statement 
to the effect that owing to wear involute teeth 
tended to approximate to cycloidal shapes ; instead 
of one curve there would be two, and the whole 
matter was upset in regard to accuracy. Even 
the pressure of the teeth against each other caused 
deformation, but this must be very small; the 
slackness in the bearings, however, caused more 
disturbance. In machine-moulded wheels, the 
speaker added, they were glad when the error was 
within one-sixty-fourth in a 3-in. pitch, for a wheel 
Tunning at a velocity up to 2000 ft. per minute. 
In mill engines, where the wheels were of large 
diameter, it was very difficult to obtain them 
perfectly rigid; they had a certain amount of 
Springiness, and for these and other reasons of 
every-day practice actual working conditions 
should be considered as well as the ‘scientific 
side, 

Mr. William G. Gass, with more particular 
reference to a query by Mr. Saxon, said that a 


pinion of forged steel with a large wheel of cast steel 
had been running satisfactorily for three or four 
years, but owing to the vibrations damaging the 
foundations, the pitch was reduced. Later Citroen 
wheels were adopted, and after working for about 


six months the surface of the steel pinion teeth | geared 


appeared to wear off in thin flakes, but this did not 
influence the working. For the majority of gears 
a finer pitch was better than a coarser, but a fine 
pitch was not suitable with cast iron; it worked 
all right with brass, bronze or steel. 

Mr. Dempster Smith, who was the next speaker, 
stated that on account of the difficulty of developing 
the profiles of the teeth, of the loss due to inaccurate 
setting and to wearing of the axles and the attendant 
noise and wear, the cycloidal form of teeth had been 
almost entirely displaced by the involute. The 
angle of obliquity commonly adopted for involute 
gears was 14} deg., or half the maximum angle 
of the cycloidal. With involute gears of 14} deg. 
obliquity, and an addendum equal to the modulus, 
or about 0.32 pitch, there would be interference 
between the rack and all pinions below 30 teeth. 
The interference might be avoided in several ways, 
by an increased angle of obliquity, a decreased 
addendum or by faking the profile. With an angle 
of obliquity of 22} deg. and an addendum of 
} pitch, a 12-tooth pinion would engage with 
a rack without interference. The increased pressure 
on the bearings due to the increased angle of action 
was about 5 per cent. With suitable propor- 
tions, the average amount of relative sliding 
taken over the whole tooth surface was, for)! 
involute teeth, probably less than that for cycloidal | 
teeth. Such teeth were much stronger than the | 
ordinary involute or cycloidal teeth, and they 
retained the advantage of the ordinary involute 
teeth, in that an alteration in the shaft centres did 
not impair their smooth running. The Brown and 
Sharpe form of tooth was approximately an involute 
tooth with a 14} deg. angle of obliquity. The 
tooth was faked so as to avoid interference and 
under-cutting ; it was also claimed to ensure smooth 
running. The modifications were the outcome of 
extensive experience and experimenting, but what 
the modifications were remained the secret of the 
firm. 

Dr. Bowman recommended making the teeth 
shrouded up to the pitch line; by this means he 
had increased the speed without any trouble. 

Mr. J. Drummond Paton exhibited a small 
model of a wheel and pinion which he said had 
resilient teeth whilst being of hard material. 

Mr. E. A. Pochin contributed a long statement, 
which he read, and which will appear in the In- 
stitution’s Proceedings. He-found no difficulty in 
making a satisfactory metal to drive at 1300 to 
1400 ft. per minute, and did not consider powers 
excessive up to 2000 horse-power. 








Mr. V. Gartside agreed with various portions | 


gears of which a model had been put before the 
meeting; these were laminated gears and they 
no doubt acted by dividing the backlash; they 
put him in mind of driving-wheels which were 
used for driving a copper-band turning lathe, 
from a variable-speed motor, in which he 
(the speaker) arranged a pinion having a broad 
driving portion and a narrow portion which pressed 
on the back of the teeth. With this arrangement 
there occurred only a humming noise, which was 
not displeasing. 

Mr. J. P. Bedson found the paper interesting 
as far as it went; but he had come to learn, and he 
found the paper did not go far enough. He wanted 
more information in regard to high speeds, for 
since the advent of the electric motor and the 
steam turbine, speed had altered and ideas con- 
cerning gearing had altered with it. For a long 
period he had been running cast-iron gears, 
machine-moulded, at speeds of 3600 ft. per minute, 
and they had gone up as high as 6000 ft. per minute. 
Speeds of 10,000 ft. per minute were being run in 
turbine-propelled boats, and what was wanted 
was an appliance which was ready for bringing 
down these high speeds to commercial speeds. 
Further investigation was required in the matter 
of high-speed spur and double helical gearing with 
a view to showing engineers the maximum speed 
at which they could be run; and such investigation 
had a double value in that it was interesting not 
only to tool-makers, but also to engineers. 

In the course of a brief reply to the discussion, 
Mr. Daniel Adamson said, in regard to Mr. Saxon’s 
remark as to the title of the paper, that it was 
quite true he had quoted a few examples of bevel 
teeth; but these were p:rtinent examples and 
his intention had been to confine his investigation 
to straight teeth. Mr. Saxon had also said that 
cycloidal teeth were more suitable for large pitches ; 
examples which had been referred to showed that 
the involute shape, 20 deg. obliquity, agreed with 
the Table I. in the paper, where it would be seen 
that the involute was suitable for heavy , 
The teeth under Graves’ name and those of the 
New York Subway were, he believed, cut teeth ; 
but he would confirm the point. In reply to Mr. Gass, 
the pinion referred to was a forged pinion, whilst the 
wheel was cast. With reference to Mr. Butterworth’s 
remarks, perfection in the mounting of machinery 
was, of course, very desirable, but there were some 
departures, which had been provided for in the 
paper. Mr. Butterworth had said that in some 
motor-car instances the teeth of the gearing were 
rounded off; in former times it was usual to 
assume that teeth might bear at the corner only, 
in which case the strength increased as the square 
of the pitch; with machine-cut teeth, where 
uniform bearing across the whole width could 
be relied upon, the strength was taken as pro- 
portional to the pitch. Mr. Butterworth had also 


of the paper. He had advocated short teeth for | stated that in machine-moulded wheels the error 
a considerable time; they did away with noise. |was within ,'; and this was a valuable contribu- 
There seemed to be a certain amount of confusion | tion to the discussion. In regard to error, the 
in regard to cast and to cut gears and he thought author added that with cast wheels this was 


they should have been separated. With reference 
to the shaving off in flakes of the metal forming | 
the teeth, he (the speaker) had had experience of | 
slow-running gears, 3-in. pitch, not hardened, which 
flaked off. This was owing to the wrong shape of 
the teeth. It was a slow gear, which made no noise, | 





5 per cent.; 1 per cent. with machine-cut teeth, 
and 0.1 per cent. with generated wheels, from tooth 
to tooth. With reference to shrouded teeth, these 
were of advantage in the age of cast wheels, but 
the shrouding had been dropped with machine- 
cut teeth. He (the author) thanked Mr. Drummond 
Paton for the model he had showed the meeting, 


but an excessive pressure on the teeth caused the J 

abrasion he alluded to. The teeth were filed and | but he regretted he could not follow him completely 
cleaned up and the wheels were running still, since |in the matter of lubrication; the point would 
he had heard no complaint concerning them for the come out in the written contribution. He (the 
last seven or eight years. Mr. Dempster Smith had | author) asked Mr. Pochin to send in his opinion 
said that the Brown and Sharpe gear was used | concerning his (the author’s) diagram, Fig. 16, and 
exclusively in the machine-tool trade ; he differed, | concerning the durability factor. The author 
for gear-cutters and tool-makers used several! ‘concluded his remarks by stating that he had 
shapes apart from that of Brown and Sharpe. | endeavoured to establish more rational lines in 
Hobbing had brought in various methods and his | the matter of gearing, and in regard to Mr. Bedson’s 
(the speaker’s) firm had their special shaped hob, remarks he thought accuracy had to be looked to 
as other firms also had theirs. Railway motor- in connection with high speeds and other working 
car makers in the Midlands had advocated a long | conditions, for all of which the same law held 





tooth, but he was not aware of the reason and 
would like to know whether the teeth were cut, 
then heat treated, and finished after the heat 
treatment. This method was followed in France, | 
but he asked whether it was also followed in this | 
country. He (the speaker) was interested in the | 


good; by increasing accuracy the speed could be 
increased, the only limit being the one imposed by 
the centrifugal forces. He hoped some of the 
members would also add their information to the 
questions which he had dealt with. 

The author was awarded a hearty vote of thanks 
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for his contribution, and votes of thanks to the 
Engineers’ Club for the accommodation they had 
afforded to the meeting by the loan of their room, 
and to the chairman concluded the proceedings. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 10, 1916. 

THE announcement of a contemplated advance in 
steel rails of five dollars a ton after next May served to 
stimulate an extraordi demand, which for the first 
four months of the year aggregated 2,373,800 tons, 
of which 300,000 tons of the total rail orders were 

ear; the tonnage placed during April was 955,400 tons. 

umerous inquiries for rails are now in the market, and 
no doubt a large volume of business will be placed at 
an early day. The pig-iron purine for the past 
month has dropped off as much as 150,000 tons, owing 
to the blowing out of many furnaces for repairing pur- 
poses ; all furnaces are working at high pressure and some 
new furnaces are being blown in. Prices remain high 
and firm. Generally speaking, the market is rather 
quiet. A large volume of business is in sight for rail- 
road spikes for delivery next year, amounting to 100,000 
kegs. The general drift in prices is in an upward direc- 
tion. Numerous recent orders for plates were placed 
subject to the option of manufacturers as to deliveries. 
Steel bars are a very active, or would be if the mills 
could accept the proffered business. Numerous orders 
for structural steel have ap since the writing of 
the last report; much of is demand is for new in- 
dustrial plants and extensions of existing plants. The new 
Sun Shipbuilding Company, near p iladelphia, are 
waiting for initial business on 6000 tons of shapes, and 
the Midvale concern in this city is anxiously awaiting the 
delivery of 3500 tons of material for shop extension. 
The Italian Government is negotiating for a large 
quantity of shell bars, and other European Governments 
are also urgently endeavouring to secure deliveries of 
munition material for the latter half of the year. An 
expansion of steel-making capacity was begun a year 
ago and some of that capacity is now ready for engage- 
ment. The American Bridge Company will soon begin 
deliveries of 28,000 tons of structural steel for an extension 
of elevated railway work in New York city, and the 
Pennsylvania Company, which has arranged for 15,000 
tons of steel, have their order in. 





Mr. James C. Eckiirr.—We regret to announce the 
death on May 9 of Mr. James C. Eckliff, President of the 
wT Automatic Boiler Circulator Company, of Detroit, 

J.8.A. 





British STANDARD NOMENCLATURE OF TARS, 
Prrenes, BiruMENs AND AsPHALTS.—The great use of 
tar and bitumen in road-making has rendered it necessary 


that the qualities should be sharply defined, so that engi- 
neers may know exactly what to specify, and manu- 
facturers may realise what is expected. The Engineering 
Standards Committee therefore appointed a sectional 
committee on road material on July 18, 1912. A sub- 
committee to deal with bituminous materials was 
cppernies in 1913, and has now reported. They divide 
the materials into (1) tars and pitches obtained by the 
destructive distillation of coal and other similar 
substances ; (2) bitumens and asphalts which are found 
in nature, or are obtained artificially from asphaltic oils ; 
chemical binders, such as cements (these latter are not 
dealt with in the report). Tar is defined as the volatile 
products of the destructive distillation of hydrocarbon 


matter; pitch is the solid or semi-solid residue from the |- 


pone evaporation of tar; bitumen is the generic term 
or a up of hydro-carbon products soluble in carbon 
disulphide, which either occur in nature or are obtained 
by the evaporation of asphaltic oils ; asphalt is a mixture 
of bitumen and finely-graded mineral matter. Standard 
eeeens are given for No. 1 tar, No. 2 tar, and pitch. 
The report can be obtained from the Committee at 28, 
Victoria-street, Westminster, or from Messrs. Crosby 
Lockwood and Son, 7, Stationers’ Hall Court, E.C., at the 
price of 5s. net. 

QUEENSLAND Minine InpustrRy IN 1915.—The annual 
report of the Under-Secretary for Mines, on the Queens- 
land mining industry for the year 1915, states that the 
value of last year’s mineral output was 3,324,861l., 
an increase, when compered with that of the preceding 
year, of 348,581/. All the’ principal goldfields of the 
State, except Mount Morgan, which produced more value 
in copper than in gold, showed declining yields. The 
value of the copper production of the State alone was 
considerably greater than that of gold, while the aggregate 
value of all “‘other minerals’’ was more than double 
that of the metal the recovery of which for many years 
constituted almost the only mining in the State. 
The prices fixed by the Imperial Government for 
wolfram and molybdenite have a very stimulating 
effect in the centres where they are found, and great 
activity has been 
search for, and the obtaining of, these minerals at very 
numerous places in the Herberton and Chi mineral 
fields. At the beginning of 1915 the price of wolfram 
in London was under 100/. per ton, but later it rose to 
nearly 200/. per ton. This proved to be a fortunate rise 
at a very op une time, for when, early in September, 
the Imperial Government fixed for twelve months a 
standard price for wolfram, it did so at the gratifyi 

ure of 192/. 10s. per ton, for 70 per rent. t i sci, 
ile at the same time making that. for molybdenite 
5251. per ton. This standard quotation has given to the 
wolfram miner a feeling of stability and security never 
before ~~ in alt his dealings with that much-buffeted 
mineral, which is more widely distributed throughout the 
far northern portion of Queensland than any other. 
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ELECTRIFICATION OF SHILDON-NEWPORT 
BRANCH, NORTH-EASTERN RAILWAY. 
WE are indebted to Messrs. Merz and McLellan, con- 

sulting electrical engineers to the North-Eastern Rail- 

way, for the following account of the electrification of 
the Shildon-Newport branch of that line. 





The North-Eastern Railway Dengeny was one of the 
first main line British Railway Companies to —¢ 
electric traction, having as far back as 1904, when Sir 
George Gibb was General Manager, successfully applied 
electrical operation to their Newcastle and Tyneside 
suburban traffic. Once more this Company has acted 
as a pioneer of electric traction in applying it to heavy 
freight haulage. 

In 1911 the General Manager, Sir A. Kaye Butterworth, 
instructed their consulting Electrical Engineers, Messrs. 
Merz and McLellan, to report generally on the question 





the Durham and the Cleveland districts. An ample 
supply of cheap electrical energy was therefore available 
from the systems of the existing power companies, and 
this fact, obviating as it does the necessity for a large 
capital expenditure by the railway company on power 
station plant, had an important ring on the whole 
scheme. 

General Description.—The electrified line described 
hereafter has a route length of between 18 and 19 miles, 
and connects the mineral sidings at Shildon, which form 
one of the largest marshalling yards in Great Britain, 
with the Erimus Sidings at Newport, near Middles- 
brough. A considerable portion of the sidings at both 
ends is also electrified, so that, including the sidings, 
about 50 miles of single track are equipped for electric 
working. 

Fig. 1, subjoined, shows the general route electrified, 
and Fig. 2 the SD agen The general gradient is in 
favour of the en traffic, the steepest gradient being 
lin 103. The line carries the heavy mineral traffic from 
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of electrification, with reference to the special conditions 
of the North Eastern System, and following the visit of 
their Chief Mechanical Engineer, Mr. Vincent Raven, 
with Mr. Merz to the United States in 1911, the directors 
decided to proceed at once with a preliminary scheme. 
Electric working was started on July 1, 1915, on the 
Shildon-Newport Line, a limited service being run in the 
first instance, as the overhead track was not then com- 
pleted. The service was gradually extended until, in 
1916, the full service was in operation. 

The Shildon-Newport Route was selected for trial, 
this being an important freight line dealing almost 
exclusively with heavy mineral traffic. Some historical 
interest attaches to this selection, since the track runs 
over a portion of the original Stockton to Darlington 
Railway, the first public railway on which steam loco- 
motives were used for conveying passengers and goods.* 
The fact that the first trial of heavy freight electric 
ulage on a large scale in England should be carried 
out on this particular route is noteworthy. 
Beyond the usual considerations affecting the decision 
to apply electric traction to such a line, there was a 
ween factor which differentiated the North-Eastern 

ailway lines from others in the United Kingdom. As 
is well known, the production and distribution of electric 

wer has been developed upon a larger scale on the 

orth-East Coast than in any other part of this country, 
anda large proportion of the power is derived from 
electric generating stations using as fuel the waste heat 
and gases deri from coke ovens and blast furnaces in 


* This line was opened in 1825, and two of the original 
locomotives designed by George 








day preserved in the Darlington Station of the N.E.R. 
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the south-west Durham coalfields to the Middlesbrough 
district, supplying the large number of blast furnaces 
and iron works concentrated there. On the return 
journey, the load consists mainly of empty wagons 
returned to Shildon sidings. : 

Overhead Track Equipment.—It was decided to adopt 
the high-tension direct-current system, current being 
supplied to the locomotives through overhead contact 
wires, at a pressure of 1500 volts, from the two rotary- 
converter sub-stations described later. The overhead 
track equipment was carried out under the supervision 
of the Railway Company’s then Chief Engineer, Mr. C. A. 
Harrison. 

Figs. 3 to 8, page 497, show the general type of catenary 
construction adopted. The overhead contact wires on 
the main portions of the track consist of two hard-drawn 
copper conductors, each 0.155-sq. in. section, but on 
certain portions of the sidings, where the loads are not 
so heavy, a single contact wire only is used. The wires 
are sup by a solid steel auxiliary catenary wire, 
to which they are attached by sliding clips. This 
auxiliary catenary is in turn suspended from the main 
stranded steel catenary by means of steel wire droppers. 
The main steel catenary wire is supported from the steel 








structures, shown in a of the accompanying - 
phs, by means of special insulators, doubl io 
ing used throughout. The normal between the 


steel structures is 110 yards, but on curves.and sidings 
they are placed at. lesser intervals, depending on the 
conditions existing. The normal height of the contact 
wire from rail level is 16 ft. 6 in., but at level crossings 
this is increased to 18 ft. 6 in., and under some of the 
low bridges, of which there are a large number on this 
route, the height from the rail level is reduced, the 
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Fie. 7. Typtcat Tensiontna STRUCTURE. 
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minimum height being about 13 ft. 8 in. Two auxiliary 
stranded copper feeder wires, each of 0.194 sq. in. section, 
are carried on the top of the steel structures referred to, 
and are connected in parallel with the main contact 
wires at frequent intervals. The purpose of these feeder 
wires 18 to increase the conductivity of the overhead 
equipment. 
__ Each steel structure carries a pair of insulated steady- 
ing-arms, well shown in Figs. 3 to 8, 497. These 
sendying arms are pivo in all directions, and are 
at ed to the contact wires by means of clips, their 
purpose being to fix the ition of the contact wire 
relatively to the track. © contact wires are staggered 
. the usual way to prevent undue wear of the bow col- 
ectors. 

The general type of steel structure carrying the wires 
Over straight parts of the track can he anu ta Fig. 3. 
It consists of two steel masts and a cross - girder, 





each of these being made up of two channels with flat 


|bond of No. 0.08 sq. in. section. 
| carrying signals which are in proximity to the electrical 








89 8s 9 








steel bracing. On curves a centre strut, steadied by 
steel tie-rods, is added (see Fig. 4), the steadying-arm on 
the mast on the inside of the curve being removed and 
fixed to the centre strut mentioned, so as to ensure the 
steadying-arm being always in tension. 

Independent pull-off masts are fitted on sharp curves 
where necessary. 

In Fig. 6 an arrangement is shown of a two-track 
structure, where it was impossible to erect two masts. 
Cantilever construction is here adopted, the general 
features of which can be seen from the figure. 

_ Fig. 5 shows similar cantilever construction over a 
single track. In this case, it will be noted that wood 
poles were used, a short length of single track bei 
equipped in this way for experimental. purposes. A’ 
steel structures carrying the overhead track equipment 
are bonded to the running rails by means of a hard copper 
Any steel structures 
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equipment are also similarly bonded to the running 
rails. 

In order to limit as far as possible the sag of the contact 
wires due to temperature variation, automatic tensioning 
was adop e tensioning points are approximately 
1100 yards apart. 

Fig. 7 showsa typical tensioning structure. Two of these 
structures are placed 65 yards apart at the end of 
each tension length, the wires from the opposite lengths 
overlapping by this amount. The end of each contact 
wire is raised at the tensioning structure to which it is 
fixed to a height of about 18 in. clear of the normal 
level at that point, so that the locomotive bows ride 
gently and without shock from one tensioning length 
on to the next. The contact wires are anchored to the 
auxiliary catenary wire at a point two-thirds of the 
distance along each tensioning length in the running 
direction. 

The tensioning structures consist of strong steel masts 
made up of four angle-irons, with — bracing, 
and it will be seen from the figure that the structures are 
fitted with two cross-girders with a centre strut. The 
tensioning weights are slung in the centre of the mast 
structure by chains passing over pulleys attached to the 
contact wire. A normal tension of about 1 ton is 
maintained by this means in the double contact wire. 
The auxiliary catenary wire is in all cases anchored off 
to the lower girder of the tensioning structure, but the 
main catenary is continuous except at tensioning points, 
at which section switches are fitted. At the latter points 
the main catenary is also anchored off, but to the to 

irder. On some of the sidings where only shunting wor 
is done, and the loads on the locomotives are. not vy, 
a single contact wire is used over each track, with ordinary 
tramway span wire construction. An example is shown in 
Fig. 10, page 498, where such a construction spanning seven 
tracks can be seen. On some of the marshallmg and recep- 
tion sidings, which are not equipped throughout, and on 
which it is only necessary for the overhead construction to 
permit of the locomotives entering to pick up their load, 
the wires are terminated as shown in Fig. 9. Danger- 
boards are fitted, beyond which electric locomotives should 
not pass; but if by any chance they should over-run 
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these, the terminal construction is such that no damage 
= be done to the bow collectors or to the overhead 
track. 

There are a large number of low stone bridges on this 
route. At some of these bridges it is possible to carry 
the main catenary wire through the bridge, but at most 
of them it is necessary to anchor it off to the bridge. In 
these cases, in order to obtain the necessary clearance, 
the contact wires, together with the auxiliary catenary, 
are brought towards the centre of the bridge, so that 
contact is made towards the extreme edge of the bow 
collector. 

In order to prevent the other edge of the bow collector 
from striking the bridge, a guard wire is fitted. This 
guard wire is ancho off to the structures on either 
side of the bridge, and is only alive while a locomotive 
is passing underneath. The track is sectioned on the 
normal length at intervals of about 2} miles, and con- 
siderably more frequently on sidings. Section points are 
arranged, to occur in most cases at tensioning points, so 
as to avoid the use of section insulators. : 

Fig. 11 shows the type of section switch adopted. 
These switches are fitted in the open, so that it is permis- 
sible to use the horn break arrangement which can be 
seen in the figure. They are erected on the uppermost 
cross-girder of the section structures, and are operated by 
levers in the signal cabin, to which they are connected 
by the usual arrangement of railway point rods. 

bee 8, page 497, shows a view of five section switches 
fitted on a girder. Normally the tracks are coupled in 

parallel, but by means of the section switches the up and 
down tracks can be operated separately if desired. As 
the train control system of working is in use on this 
route, the signal cabins are connec by telephone with 
a central control office situated at Newport, and the 
handling of these switches is directed from the same 
point. 

In certain positions, such as at crossovers and some of 
the sidings, where it was impossible to avoid their use, 
section insulators are fitted. This type of insulator is 
shown in Fig. 12, page 498. In all cases, however, these 
are fitted at points where the locomotives are travelling 
at low s \° 

The track rails are bonded at the joints with stranded 
copper bonds fitted under the fish plates, two bonds 
each of 0.109 sq.-in. section being fixed at each joint. 
They are also cross-bonded between the two rails at 
intervals of 300 ft., and between the two inner rails of 
adjacent tracks at the same space interval, the bonds 
in the 6-ft. way being midway between those in the 
4-ft. way. 

Locomotives.—The freight locomotives were designed 
and built at the N.E.R. locomotive works at Darlington, 
the electrical equipment being supplied and fitted b 
Messrs. Siemens Bros. Dynamo Works, Ltd., Stafford. 
They are designed to haul trains weighing 1400 tons at 
as of not less than 25 miles per hour on the level. 

igs. 21 and 22, Plate XLIV., and Figs. 23 to 26, Plate 
XLV., together with the photographs Figs. 13, 14, and 15, 
pages 498 and 499, show the details and the general 
appearance of the engines, and below is a detailed 
description of the same. The work was carried out under 
the direct —— of the Chief Mechanical Engineer, 
Mr. Vincent L. Raven. 

The engine may be described as an articulated truck 
locomotive, in which the tractive effort is transmitted 
through the truck frames. 

The cab with sloping ends is supported on the centre 
of each truck by strong steel castings which embody 
the central-pin bearing and side-rubbing surfaces in one 
casting, securely bolted and riveted to the plates of 
the cab platform, which consists of four beams secured 
to plates at the top and bottom. The transome between 
the truck frames at the centre is built up of plates and 
angles securely riveted to the side frames of the truck. 
On the centre of the transome is a steel casting with 
which the centre bearing mentioned above engages. 
Rubbing pieces are fitted at each side, which bear on the 
rubbing surfaces on the casting mentioned. The centre 
pin at No. 1 end is a good working fit in its bearings on 
the centre of the transome. At No. 2 end provision is 
made for the creeping up of the trucks when passing round 
curves, but no allowance for movement transversely. 
The buffers are carried directly on the truck frames. 
The trucks are connected by means of a buffer coupling 
and arra: for lateral movement with vertical rigidity ; 
the coupling is made with a slotted hole for a drawbar 
to pass through. The trucks are then securely held 
together by means of a drawbLar and spring, which can be 
adjusted (the compression cf spring being } in. per 
7 tons load) to act as a connection between the two trucks. 
This spring cannot be subjected to heavy compression, 
resulting from buffing action, as the buffer part of the 
coupling between trucks receives the b stresses 
directly through the truck frames without subjecting 
the centre pins and platform to any stress other than 
pay | required to carry the weight of the cab apparatus 
on them. 

The sloping ends are partitioned off from the cab and 
contain the resistances, contactors, mator cut-out switches 
multiple cut-out switches and all high-tension electrical 
or Entrance to each sloping end can be obtained 
through doors which are normaly locked. 

The bow collectors on the roof of the cab (see Figs. 13 
and 14, page 498) are raised and maintained in connec- 
tion with the contact wire by compressed air. A cock is 
fitted on the air system, the removable handle of which 
forms the key of the doors mentioned. This handle is so 
f that it can only be removed when the cock is 
2 — —— pam 80 — tA is impossible to open 

e doors e ends w the bows are i : 
tact with the ovedieendt wire. oe 

In the cab two master controllers are fitted, one at 
each end. The cab also contains all auxiliary switches 


for controlling the air compressor and the two dyna- 
motors descri later, and for lighting and heating. 
It also contains the control valves for the Westinghouse 
brake and for air sanding. In the centre of the cab 
there is a vertical hand-wheel for the hand-brake (see 
Fig. 24, Plate XLV.). 

© dynamotors are securely fixed to the floor, the 
switches, &c., being fixed on the sides of the cab and 
weather boards. 


DIMENSIONS AND PARTICULARS. 


Tons Ct. Qr. Lb. 
Weight of electrical equipment, 


inclusive of motors ode 5 0 0 
Ditto of mechanical parts Oe ee ek ee 
Ditto of motors without gear 

wheels and gear cases ... - 22-2 
Ditto ditto with gear cases an 

gear wheels an éo0 -. 3 13 O 24 
Total weight of mechanical and 

electrical ap tus... oe GS. OG 
Approximate height of centre of 

gravity ... ces am! ood 4 ft. 6 in. 
Main dimensions of motors: 

Axial length over windings 24 A, in. 

Ditto ditto over core ... 11}, in 

Ditto diameter of armature 21% in. 

Ditto diameter of commutators 18,4 in. 

Ditto length of commutator 7} in 

Ditto number of segments 195 

Ditto air gap... ove dee 44 in. 


Speed of motors at normal locomotive speed of 25 miles 
per hour, 787 revolutions per minute. 


Leapine Dimensions oF MECHANICAL Parts. 


Diameter of wheel seat on axle 
long 
+» 8P, in. by 5} in. 
long 
--- 6} in. by 13 in. 
nsion bearings on axle 7{ in. by 13}% in. 
ninated ... 3 ft. 6 in. span, 
18 plits., 4 in. by 
} in. 


Size of axle at spur-wheel seat 


Diameter of journals 
Motor ne = 
Springs—lar 


Cab and sloping ends constructed of steel channels, 
plates and angles. 

Under structure, 8-in. by 6-in. beams, 8-in. by 3}-in. 
channels, and }-in. plates. 

Trucks, articulated. 

Truck frames—steel plates, 1 

Truck drag plates—flanged 
to frame plates. 

Truck transome—built of plates and angles (steel), 
cast-steel centrepiece fitted on centre to receive centre- 
pin on under-structure, also side bearers. 

The motor equipment of each locomotive consists of 
four totally enclosed motors each driving an axle through 
single reduction twin gearing. The gears are machine- 
cut with straight teeth of the involute pattern, the face 
dimensions of the spur wheels and pinion being 3}% in. 
A pinion is moun! on each end of the armature shaft 
and meshes into a corresponding gear wheel, mounted 
on the running wheel axle, the gear ratio being 1 to 4.5. 
Sections through the motor and gears are reproduced in 
Figs. 27 to 31, page 502. In Fig. 27 the running wheels 
are shown dotted. 

The motors are suspended by means of a cross beam 
suspension bar with i and reaction pm 
These, with the motor suspension bearings on the axle, 
provide the motors with four points of suspension. 

The four main motors are fitted two in each 
bogie and are each wound for 750 volts, the pair of 
motors in each bogie being connected permanently in 
series. The four main motors of each locomotive thus 
form two units, which are controlled on the usual series 
parallel system. Each motor is capable of developing 
275 brake horse-power at a speed of 20 miles for one 
hour with forced ventilation. The motor equipment is 
capable without injury of exerting a torque sufficient 
to skid the wheels under any conditions of rail, and 
will exert an average pull of 28,000 lb. at the tread of 
the wheels when starting under normal conditions of 


t in. thick. 
plates riveted up securely 


shaft. This can be seen in Fig. 28, page 502 
is enclosed in a welded sheet-iron case 





siphon-wick oil lubricator. 


Length over buffers Se --- 39 ft. 4 in. 
Height from rail to centre of 

buffers... ase oie 3 ft. 5 in. 
Height of cab roof from rail 11 ft. 6} in. | 
Height of trolley wearing strip 

from rail when down ... --» 13 ft. Lpy in. 
Width of trolley wearing strip 

over horn ends ... ose ose 5 ft. 10§ in. 
Width of cab eve 7 ft. 6} in. 
Width over footplate 8 ft. 4 in. 
Total wheel base ... one 27 ft. 0 in. 
Wheel base of each truck 8 ft. 9 in. 
Centres of trucks ... one 18 ft. 3 in. 
Diameter of wheels 4 ft. 0 in 


ar: 84 in. by 7§ in. | 


. The gearing 
fitted with a 


Sight doors are fitted on the gear-case so that the con- 
dition of the gears can be regularly examined. The 
air-supply for ventilating the motors is supplied from 
fans driven by the dynamotors, which are described later, 
but a special feature is shown in Fig. 31. In order to 
avoid the use of a flexible pipe between the fan air-duct 
in the base of the cab structure and the motors a special 
form of spring sliding-gland is employed. 

The fans furnish air to the motors at low pressure 
through pipes to a box fitted between the top and bottom 

lates of the platform, the gland above mentioned being 

tted on this box. The air inlets to the fans are at the 
end of the platform, a trough being formed in the cab 
under -structure to convey the air from these inlets. 
| Provision is also made to draw air to the fans from the 
| cab if n The normal quantity of air passed 

through each motor case is 700 cub. ft. per minute. 

Fig. 19, page 499, gives the performance curves of 
| these motors as ascertained from shop tests. 
| The general arrangement of the control wiring is shown 
| in Fig. 20, Plate XLIII., to which is also attached a key 

diagram. Two master controllers are fitted in the cab, 
| one at each end: Notching up can either be carried out 
by hand or automatically. © automatic arrangement 
consists of a spring which is wound up by the controller 
handle, the at which the controller drum follows 
| the handle being governed by a step-by-step escapement 
| movement. 
| The maximum current taken at each step is limited 
| by a limit switch fitted in the sloping ends of the cab, 
| which on the current rising beyond a predetermined 
| limit, closes the circuit of a small magnetic interlock, 
which locks the escapement mentioned, holding the drum 
of the controller until the current has fallen to the 
| required value. 
} = addition to the above, by means of a catch inside 
the controller, which, when lifted, disconnects the 
spring and escapement action, the automatic arrange- 
ment described can be thrown out of action and notching 
performed by hand. 

An acceleration switch is also provided so that in 
special circumstances the adjustment limit switch 
mentioned can be altered by cutting out some of the turns 
of the coil, thus allowing of a larger current for accelerat- 
—o special conditions. 

ach master controller is fitted with the usual reversing 
barrel, the handle of which can only be removed when in 
the “off” position. When left in this position, the 
reversing handle locks the main handle. There is also 
fitted on the master controller a small spring switch by 
means of which the automatic circuit breaker on the 
locomotive can be trip or set. This switch is also 
| locked by the reversing handle in the “‘ off”’ position. 
| Current for operating the whole of the control circuits 
| and the lighting and heating in the cab is supplied from 
| either of the dynamotors at a pressure equal to half the 
| line voltage. 

The contactors shown in detail in Figs. 16 to 18, 
| page 499, are electrically operated, and are also fitted 
| With auxili interlocking contacts to ensure their 
| operati in the correct order. The resistances, which 

are of the usual cast-iron grid type, are fitted in the 
sloping ends, but are partitioned off from the other 
| apparatus in these compartments. 


(To be continued.) 








German Ro.iinec-Mitis.— According to the Union 
of German Iron and Steel Industries, the segregate 
production of the rolling mills within the German 
Customs’ Union during 1915 amounted to 11,243,360 
tons, against 13,165,589 tons in 1914, and 16,698,950 
tons in 1913. The effect of the war is also shown in the 
following table :— 


Tons. 
January to July, 1914 9,700,389 
os me. 1916 .... 6,329,657 
August to December, 1914 3,465,200 
” ” 1915 ose eee 4,913,700 


The average production per month for the seven months 
of peace in 1914 consequently amounted to 1,385,770 
tons, against 904,237 tons for the period 1915, or about 
65 per cent. of the peace production. On the other hand, 
the monthly production for the five months August to 
December, in 1914, the first period of the year, only 
amounted to 693,040 tons, against 982,741 tons for the 
corresponding period of 1915. In spite of the long 
time the war already lasted, there is an increase 
of about 42 per cent. compared with the last five months 
of 1914, and a production of 71 per cent. of the correspond- 
ing peace ave . Compared with the total production 
of the last complete year of peace, 1913, which amounted 
to 16,698,950 tons, the aggregate production of 1915, 
11,243,360 tons, represents about 67 per cent. of the 
former. The production of the different specialities in 
the two years will appear from the subjoined table :— 








rail. The maximum pull at the tread of the wheels is, . 1988 aoe. 
of course, considerably greater than this. — Tons. Pre omhen. 
The motors and gearing are designed so as to run at Half-finished products in- 7 
a speed of 45 miles per hour without exceeding the tended for sale... ..._ 2,799,990 1,641,951 a9 
limits of safety, but the normal speed on the level when Railway material ... . 2,470,085 1,424,548 58 
hauling a train of 1400 British tons is 25 miles per hour. Girders oe ar 1,555,511 766,653 9 
The equipment is so designed that each locomotive is Bar iron we 4,490.508 aan » 
capable of performing four round trips in 12 hours, each | 2 Phe vs 1.157 873 70084 
consisting of a trip from Shildon to Newport with a on pk bp 8 
train of 1400 tons, followed by a trip from Newport to Thin Slates fe 890,046 628,605 71 
Shildon with a train of 800 tons, the distance of each trip Tinned plates 83,051 92,751 112 
being about 18 miles. The locomotives are able to start Tubes...  ... 750,084 = = 
a train of 800 tons from rest on a e of 1 in 100 and Rolling stock .» 874,082 oe the 
means te Senne eee ; Bemmerfched producte.., 176/808 487.581 978 
A novel feature is the ring lubrication on the motor a ae ' 


The production of steel during the first quarter of the 
current year ex that of the corresponding period 
for 1915 by about 800,000 tons. 
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NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—During the closing day of 
last week the Glasgow pig-iron warrant market remained 
in the same lifeless condition as has characterised it 
more or less since the recent Order in Council prohibiting 
speculation in metals came into force. ere was 
practically no movement, and it is problematic if any 
stock changed hands. On Wednesday, Thursday and 
Friday buyers continued to quote 90s. per ton, but sellers 
were conspicuous by their absence. Nor was this im- 
proved upon when the market re-opened on Monday, 
while on Tuesday, with the market being closed for the 
local King’s Birthday holiday, no business, of course, 
was transacted. 


Scotch Steel Trade.—Despite the activity in every 
branch of the iron and steel tindis throughout the West 
of Scotland, actual news is scarce, for without doubt war 
work of one kind or another absorbs the entire attention 
of manufacturers, and conditions are abnormal, so 
much so that practically no ordinary mercantile business 
whatever can be undertaken by any of the local steel 
works. There is little prospect of these conditions being 
in any way improved for some considerable time. The 
enormous pressure for delivery continues unabated, and 
shell bars, light sheets, and a variety of light sections are 
much in request. Much anxiety still prevails with regard 
to the recent Order in Council, which, in one way, is 
having disastrous effect upon the overseas trade gener- 
ally, both colonial and foreign; for although much 
additional material is now available for the home market, 
where it certainly is greatly needed, our manufacturers 
cannot afford completely to disregard the claims of their 
export customers. Prices are still strong, angles being 
quoted 14/. per ton, or thereabouts ; ship-plates, 13/. 15s. 
and up; and boiler plates 14/. 10s. per ton and up; all 
less the usual 2} per cent. discount. 


Malleable-Iron Trade.—The firm position occupied for 
some time now by the malleable-iron makers remains 
unchanged, for not only are orders plentiful and obtained 
without the least trouble, but the maximum amount of 
work is being undertaken, and put through with great 
briskness. ven with “Crown” bars at I4l. to 
141. 2s. 6d. per ton f.o.b. Glasgow, full extras are de- 
manded in every case, a feature which differs remarkably 
from pre-war days. 


Scotch Pig-Iron Trade.—Business in the Scotch pig- 
iron trade continues remarkably good, makers being 
actively employed. Indeed, in quite a number of cases 
they are having to draw upon their stocks, owing to 
the extreme difficulty of keeping their output on a level 
with the excessive demand. In regard to hematite, 
things are much similar, and, even with many of the 
producing furnaces being transferred from the production 
of ordinary foundry iron to that of hematite, in not a 
few instances the supply is running short of the demand. 
Consequently there is a decided scarcity of ordinary 
foundry and No. 1 quality iron. Certainly the demand 
for foundry sorts, especially for the export trade, is 
rather slower than usual at the moment. Without 
doubt the licensing question is having a most decided 
effect on all overseas trade. There has been no cha 
in price of makers’ (No. 1) iron during the week, the 
quotations still remaining as follow :— Clyde, Calder, 
Summerlee and Langloan, 130s. per ton; Gartsherrie, 
131s. 6d (all shipped at ees Eglinton, 126s. 6d., 
Glengarnock, 130s. (both at Ardrossan); Dalmellington, 
herd 6d. (at Ayr); Shotts and Carron, 130s. (both at 

eith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The market is stiffening 
all round with the — of the season for the fixing 
up of contracts for all classes of customers. Gas com- 
panies are having a particularly trying time owing to the 
fact that colliery companies are not in present cireum- 
stances so dependent upon this class of contract for much 
of their output, as in pre-war times. It is anticipated 
that none of the contracts, no matter what quality of 
fuel is uired, will be let at anything other than a 
considerable rise in price upon what has been paid during 
the past twelve months. Shipments are still on a con- 
siderable scale, with almost any price paid in cases where 
the ae is prompt. Nearly all the export tonnage is 
ear-marked for French, Italian, and Russian destinations. 
Over 30s. per ton at pit is paid for best-grade South 
Yorkshire hards for export purposes. The prices for 
inland business remain at the maximum. The house coal 
demand has considerably fallen off, but gas companies 
are swallowing up any surplus that collieries may possess 
in this direction. The steam-coal market experiences a 
very active inquiry. Hards, cobbles, nuts and slacks 
are sold in enormous quantities, for works are trying to 
increase floating stocks, but are only indifferently success- 
ful. Quotations :—Best branch Land ssleteed 20s. 6d. 
to 21s. 6d. ; Barnsley best silkstones, 18s. 6d. to 19s. 6d. ; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house coal, 16s. to 17s.; best large nuts, 15s. 6d. to 
16s. 6d.; small nuts, 15s. to 16s.; Yorkshire hards, 
16s. 6d. to 17s. 6d.; Derbyshire hards, 16s. to 17s. ; 


best slacks, 12s. to 13s.; seconds, 11s. to 12s.; smalls, 
8s. to 9s. 


Iron and Steel.—The question of hematites is again 
to the fore. The Sheffield consumption is placed at an 
enormous figure, and is on an increasing scale, which 
gives rise to the prediction that there may be a famine 
im the near future, for it is pointed out the labour 
shortage almost inevitably rules out any possibility of 
an extension of production. One satisfactory feature is 





| the admirable manner in which the Government have 
| answered in re: 


spect to prices in the home market trade. 
Some little time ago the Government had to come forward 
with their promised subsidies to makers because of the 
abnormal freights and the high prices of Spanish ore. 
This kept the home market quotations within the 
rescribed . The latest development is the drop 
in the scale of freights from 30s. to 20s., and also an 
arrangement whereby the necessary tonnage has been 
secured for the transhipment of the ore. Though 
Lincolnshire makers are not working at full pressure, 
there is a good demand for forge and foundry irons, and 
the paid are the maximum. Scrap is not so 
keenly inquired for, but the current prices are highly 
satisfactory to dealers, ranging from 5l. 5s. to 5l. 17s. 6d. 
for steel, and 6/. 10s. to 6. 15s. for wrought iron. Manu- 
facturers of high-speed steel still find the condition of the 
tungsten supply giving rise to much concern. The 
shipments of the wolfram ore from Australia and Burma 
are not developing on the extensive lines anticipated, but 
it is found that even in the distant orefields the labour 
problem has manifested itself. There is a shortage of 
manual assistance, and progress is also retarded by the 
lack of efficient transport facilities. British manu- 
facturers, however, are much more favourably placed 
than their American trade rivals. Here highepead steel 
is marked at 2s. 10d. for 14 per cent. tungsten to 3s. 10d. 
for 18 per cent. tungsten, whereas in the United States 
the figures are 12s. 6d. and 13s. 6d. respectively. More- 
over, ferro-tungsten is 33s. in America as compared with 
6s. ld. here. American engineers are striving to get 
supplies of the tool steel from England, but Sheffield 
makers are experiencing such big demands for home 
and colonial business that the American customer is 
“crushed out.” One of the most gratifying announce- 
ments concerns the export trade. Inquiries at the 
Cutlers’ Company reveal, in the statistical return of the 
number of export certificates granted to manufacturers, 
that this branch of trade is being maintained at a very 
high level. The reports of various works extensions 
chiefly relate to firms on direct Government work, who 
are working under abnormal pressure. Steel works are 
still producing their full capacity for Government pur- 
War Office contracts have been placed for clasp- 

nives, machetes, razors, tools, brushes, boot grindery, 
grindstones, railway plants, tablespoons and teaspoons. 
steels, and an electric seconda station. The foréign 
and colonial orders include tools, sickles, springs, saws, 
wire ropes, machine parts, knives, files, steel and cutlery, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Output of Pig-Iron.—The great and growing 
searcity of pig-iron is causing anxiety, and hope is 
expressed that arrangements will be made so as to 
increase the production. Pig-iron manufacturers would 
be glad to re-light idle furnaces if labour and raw material 
were available for that purpose, and there are persistent 
rumours that men may be released from the army for 
the furnaces and mines and for other necessary work in 
connection with the production of pig-iron. It is stated 
that an additional furnace on hematite and another on 
basic iron will be put into operation at an early date. 
The number of furnaces ia blast in this district at present 
is 69. The opinion is expressed in some quarters that if 
absolute embargo on shipments to neutral countries is 
maintained it will be possible, even with the present 
output, to meet the requirements of home consumers 
and the Allies. Home trade is quite of a hand-to-mouth 
kind, and owing to the shortage of iron some of the 
deliveries due on contracts to our allies are of necessity 
held up. 


The Cleveland Iron Trade.—There is not much new to 
report concerning the Cleveland pig-iron trade. After 
having been stationary in price for some little time, 
warrants have shown an upward movement, and this has 
infused a little life into the market ; but business is still 
on only a very limited scale. Buyers are keen, but iron 
is not to be had. An advance of half a crown by buyers 
of Middlesbrough warrants, bringing their offer up to 
92s. 6d. cash, has altogether failed to bring sellers into 
the market. There has been no declared sellers’ quota- 
tion for warrants since towards the end of March last. 
No. 3 Cleveland pig is quoted 95s. and upward for export, 
but in the continued p ewe of transactions the figures 
named are quite normal. For home consumption No. 3 
and the lower qualities all remain at 82s. 6d. 


Hematite Iron.—East coast hematite iron is even more 
searce than Cleveland pig. Deliveries inst contracts 
are kept up as well as possible, but they fal a good deal 
short of fully satisfying customers, and new export 
business is quite im ible, li for ship t 
abroad being unobtainable even if the iron could be 
purchased. So short is the supply that permits for 
delivery to our allies under running contracts are only 
sparingly issued. Home buyers are eager to place 
orders, but they experience much difficulty in doing so. 
Makers have no iron to spare, are we! sold ahead, and 
are not at all disposed to entertain forward business. 
For home consumption Nos. 1, 2 and 3 still stand at 
122s. 6d., and for export 140s. and upward is quoted. 


Stocks and Shipments of Pig-Iron.—The stock of Cleve- 
land pig-iron in the public warrant stores here, practically 
the only stock in existence, now stands at 33,626 tons, 
com: of 32,089 tons of No. 3, and 1587 tons of other 
qualities of iron, deliverable as standard. Since the 
beginning of the month the stock has been reduced by 
5856 tons of No. 3, and 923 tons of standard iron, a total 
of 6779 tons. Under the conditions prevailing, ship- 








ments of pig-iron from the Tees must be led as 
on a satisfactory scale. So far this month they average 
2047 tons per working day, the total despatches reaching 
42,991 tons. To the same date last month the total 
loadings amounted to 36,411 tons, or a daily average 
of 1734 tons, and for the co mding part of May 
last year the clearances were officially returned at only 
6823 tons, or an average of 325 tons per working day. 


Coke.—Demand for all kinds of coke is heavy, and 
supply is none too plentiful. Local requirements are 
large, and promise to increase. Average blast furnace 
sorts are very strong at 28s. at the ovens, and for qualities 
low in phosphorus up to the fixed maximum of 30s. 6d. 
at the ovens continues to be asked. Good foundry coke 
runs from 45s. to 47s. 6d., and gashouse coke is quoted 
27s. and upward. 


Foreign Ore.—There is not a -— t deal of new business 
passing in foreign ore, but excellent supplies are comi 
to hand on cuatines contracts. The action of the Goveu 
ment in controlling chartering of steamers from Bilbao 
has brought the freight down, and boats have come to 
hand better, but the pressure for delivery is such that the 
available tonnage is still insufficient, Mine owners in 
Spain are taking a very firm stand, and the f.o.b. price of 
rubio of 50 per cent. quality at port of despatch is fully 
18s. Controlled consumers are emors through the 
Government to fix steamers Bilbao - Middlesbrough, 
at 17s. so that to them the ex-ship Tees price of best 
rubio is 35s. ; but in the ordinary way in the open market 
the Bilbao freight is 18s. 6d., making the ex-ship Tees 
= 36s. 6d. Imports of —— ore are to the port of 

iddlesbrough, so far this month, 153,276 tons. 


Manufactured Iron and Steel.—Manufacturers of fin- 
ished iron and steel are kept fully occupied on Govern- 
ment work, and there is much pressure for delivery of 
war material, both for home purposes and the Allies. 
Under the circumstances, the numerous ordinary com- 
mercial enquiries in the market attract little or no 
attention. Common iron bars are 13/. 15s.; best bars, 
141, 2s. 6d.; best best bars, 14/. 10s.; packing iron (parallel), 
102. ; pane iron (tapered), 11/. 15s. ; iron ship-plates, 
1ll. 10s.; iron ship-angles, 131. 15s.; iron ship-rivets 
(} diameter), 16/7. 10s.; iron ship-rivets (} diameter), 
171. 10s. ; steel bars (no test), 141. 10s. ; steel ship-plates, 
111. 10s. ; steel ship-angles, 111. 2s. 6d. ; steel ship-rivets 
(? diameter), 17/. 10s.; steel ship-rivets (§ diameter), 
18/. 10s.; steel sheets (singles), 18/. 10s.; steel sheets 
(doubles), 187. 15s. ; steel joists, 11/, 2s, 6d.; and heavy 
steel rails, 107. 17s. 6d. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—Business in the steam coal trade has been 
affected to some extent by current circumstances and 
difficulties. Tonnage has arrived, to a fair extent ; 
but the loading pressure has been as t as ever, some 
vessels having been waiting for supplies for some weeks. 
For June ond later deliveries it has been practically im- 
ible to enter into new transactions in consequence 
of the uncertainties attending a proposed limitation 
of prices to France. The best Admiralty large steam coal 
has been, to some extent, nominal; secon descrip- 
tions have made 54s. to 55s. ; Monmouthshire Black Veins 
54s. 6d. to 55s.; ordinary Western Valleys, 54s. to 
54s. 6d.; Eastern Valleys, 50s. to 52s. 6d. ; bunker 
smalls, 32s. to 33s.; and cargo smalls, 25s. to. 28s. per 
ton. In bituminous coal, best households have made 
23s. to 24s. at the pits; No. 3 Rhondda large, 57s. 6d. 
to 60s.; smalls, 35s. to 37s. 6d.; No. 2 Rhondda large, 
47s. to 49s. ; and No. 2 smalls, 26s. to 28s. per ton. 
latest quotation for patent fuel has been 50s. to 55s. per 
ton. Special foundry for export has been quoted at 
62s. 6d. to 65s. ; good foundry coke at 60s. to 62s. 6d. ; 
and furnace coke at 50s. to 55s. per ton. 


The Welsh Coal Trade.—Some important conference! 
have taken place between the President of the Board of 
Trade, representatives of the shipping interest and the 
coal export trade, with reference to the action of the 
Department in fixing the maximum freights for con 
veyance of coal to allied countries. A scheme for 
France having been finally approved, the Board of Trade 
now proposes to take similar steps with regard to Italy. 
The new agreement provides for the inclusion of st 8 
already chartered.—A meeting of colliery representatives 
and other coal exporters has been held at Cardiff to con- 
sider joint action over p is submitted by Mr. 
Runciman to colliery owners for a limitation of the price 
of coal for shipment to France after June 1. ft is 
understood that in the course of the discussion many 
objections were urged to an artificial limitation of prices. 
It was considered, in fact, that the scheme would be 
perfectly unworkable as no one who was not obliged to do 
a0 would send coal to France at a limited price if higher 
prices could be obtained elsewhere. It was further 
pointed out that it would be obviously unfair for any 
section of colliery owners or exporters to be compelled 
to sell coal at limited prices if other were per- 
mitted to secure a market at higher prices in other 
directions. In some quarters there was a di ition 
to regard the action of the Government as the 
towards taking over the entire control of the export 
of coal, and there was particular! sirens objection to 
a proposal that French buyers should je the business 
ay wey ap gg ree Reg ae that while 
t xed freights proposed to rought into operation 
from June would give shipowners about seven times the 
rates of normal times, the proposed prices of coal would 
be less than 50 cent. in excess of the levels at which 
quotations st before the war, and thus this would 
not be sufficient to give colliery owners a profit after 
meeting greatly increased wo expenses. 
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THE WAR AND FRENCH INDUSTRIAL 
ACTIVITY. 


We know what a considerable influence the 
present war is having upon our own commercial 
and industrial activity. The effect of the war in 
countries like France, for example, where compul- 
sory military service is the natural order of the 
day, and where conscription calls to the Colours all 
the manhood of the nation from twenty to forty- 
eight years of age, is more considerable still. It 
is true that in France there are certain rules and 
regulations which attenuate in a measure the deple- 
tion of the industrial classes, by acting for mainten- 
ance in the factories or for sending back to them 
from actual military duties a number of special 
craftsmen to work on the various munition sup- 
plies. On the other hand, youths of nineteen years 
of age (those of the 1916 class) have been called to 
the Colours before their time, and those of the 
1917 class are now being called up for preparatory 
military drill. It is true, further, that very many 
of the older groups of men have not so far been 
called up for active military duties. Nevertheless, 
conscription, from the very first days of mobilisa- 
tion is: the first week of August, 1914, has had a 
considerable effect upon French industrial life. 
In the space of a few hours the works, transport 
companies, and commercial establishments were 
all compelled to allow their staffs to leave, the 
younger members having to report at headquarters 
within twenty-four or forty-eight hours. 

Mobilisation on the extensive scale which obtains 
in France was bound greatly to slacken the activity 
of a great many establishments, and to cause others 
to come to a complete standstill, even in cases where 
male labour played only a secondary part, and could 


510/on an emergency be replaced by female or child 
o|labour. In many instances it was only sufficient for 


the chief of an establishment or for a few specialists 
to be called away when manufacture or trade was 
completely arrested until a substitute was found or 
new specialists trained. The fact should not be lost 
sight of that mobilisation also upsets all commercial 
intercourse ; most of the railway lines momentarily 
ceased all commercial traffic; further, that all 
private means of transport, horses, cars, omnibuses, 





lorries, &c., were commandeered immediately 
hostilities broke out. The commandeering of ships 
took place at the same time. Postal and telegraphic 
communications suffered very great delays, and the 
use of the public telephone was suspended entirely. 
Payments were required almost exclusively in net 
cash, whilst coin and bullion disappeared almost 
entirely from circulation. Fuel became scarce and 
increased largely in price. 

Records which were drawn up in October, 1914, 
by the Labour Inspectors showed that on an average 
about 44 per cent. only of the operatives normally 
at work were employed on that date. The per- 
centage varied greatly with the trades. For 
example, the difference between the normal staff 
and the staff employed on January 1, 1915, was 
only 29 per cent. in the food trades, but it reached 
41 per cent. in the chemical: industries, 50 per cent. 
in the rubber, paper and cardboard trades, 62 per 
cent. in the book and publishing trade, 69 per 
cent. in the wood-working trade, 78 per cent. in 
the building trade, and 88 per cent. in the precious 
stone and jewellery trade. In this latter, as in 
several other luxury trades, other causes, natural 
in the circumstance, intervened, for the number of 
mobilised men in the precious stone and jewellery 
trade did not exceed 23 per cent., whilst the per- 
centage was 32 in the cartage and transport, 33 in 
the building, and 26 in the food trades. ‘The pro- 
portion was 15 per cent. in the textile trade, in which 
women and children are occupied in large numbers in 
normal times, and 6 per cent. in the clothing and 
allied trades. As a matter of fact, the average pro- 
portion of 44 per cent. above referred to corresponded 
with a mobilisation for military duties of about one- 
third the normal number of male workers; the 
proportion of unemployed was about 20 per cent. 

The great disorganisation of trades throughout 
France caused by national service only lasted a 
comparatively short time, for means were gradually 
taken to replace the absent men by female labour, 
and, as far as was practicable, by refugee labour 
from Belgium and from the districts momentarily 
occupied by the enemy. As a general rule, the 
employers who, after matters had settled down 
somewhat, found themselves in a position to employ 
their staff, readily gave them work, with a view to 
enable them to earn a living. The victory of the 
Marne, in September, 1914, had a favourable 
influence upon trade conditions generally, and as 
early as the following month of October matters 
commenced to wear an improved aspect, the more 
so as the conditions of the moratorium were at the 
same time rendered less stringent. Added to this, 
railway traffic was improving; the military autho- 
rities were ordering largely from the textile, hosiery, 
boot and shoe trades; also from the steel-makers, 
and from engineering and other works. Close upon 
the end of 1914, a very marked improvement could 
be noticed in commercial railway traffic conditions 
and in the postal service. 

As the needs of the civil population in regard to 
food and clothing had to be met, it was found that 
a large proportion of the establishments which had 
closed in August, 1914, were open and trading in 
January, 1915. Taken as a whole, the proportion 
of establishments open and at work in January, 
1915, was 71 per cent. of the total number included 
in the inquiry made by the Labour Inspectors, a 
figure which pointed to a marked improvement. 
Taken as a whole also, the number of men at work 
in January, 1915, was an average of about 59 
per cent. of the total number at work in normal 
times in the establishments considered, whilst at the 
outbreak of hostilities the proportion was only 34 
per cent. In individual trades the proportion 
varied with the trade and with the distance from 
the war zone. 

As a matter of course, the meeting of the needs 
of the armies has played an important part in 
fostering the industrial and commercial activity of 
the nation. For many months past, the flour 
mills, bakeries, and meat-packing firms have been 
in full activity, and have been compelled greatly to 
increase their staffe. The biscuit manufacturers 
have organised their plant for making bread, and 
have also greatly increased the number of their 
operatives. The textile works have been fully 


employed in the making of flannel for the troops ; 
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articles of equipment ; heavy canvas for tents, kit- 
bags, &c. The leather trade has had to cope with 
the military requirements in regard to boots, gaiters, 
cartridge-belts, and so forth; the wood-working 
trades have had to build barracks and their fittings, 
to build and repair army wagons, and to manufac- 
ture packing-cases for supplies, the carriage of 
shells, &c. Metallurgical and engineering works 
have long since specialised in the production of war 
material of all classes. 

Unfortunately, the removal for the time being of 
a number of specialists from their avocations, and 
the congregation of all available labour into the 
establishments engaged on war work of one kind or 
another, have greatly impeded all other industrial 
pursuits, and have been conducive to a great de- 
crease in the French commercial exports. Scarcity 
of hands has been heavily felt in coal-mining, in 
which female and child labour is practically non- 
existent. In August, 1914, the Comité Central des 
Houilléres de France found only 31,000 operatives 
at work in the French coal-mines, a figure which 
fell to 30,000 in September, and rose to 40,000 in 
October, and to a slightly higher total still in the 
month of November following. In normal times 
the French coal-mines occupy about 240,000 opera- 
tives, all told, and embracing also the territories 
which are temporarily invaded by the enemy. 
From the commencement the miners available did 
not hesitate to increase their efforts to meet the 
country’s need, and they work 6 to 6} days per 
week, and 11 to 12 hours per day. Their number 
at the present time is about 44,000. 

Inquiries, which have been repeatedly held by 
labour inspectors in regard to the activity of indus- 
trial and commercial establishments throughout 
France, point to a gradual improvement, notwith- 
standing the maintenance with the Colours of 
practically the totality of the men mobilised for 
active military duties. An inquiry held in April, 
1915, covered slightly over 27,000 establishments, 
occupying in normal times 1,098,000 operatives ; 
it was ascertained that the operatives at work at 
that date showed an average of 65 per cent. of the 
normal, as compared with 34 per cent. in August, 
1914, 44 per cent. in October, 1914, and 59 per 
cent. in January, 1915. These figures are average 
total proportions. The difference between the 
65 per cent., the proportion of operatives at 
work in April, 1915, and 100 does not give the 
proportion of unemployed. The number of men 
mobilised with the Army has to be taken into 
account; it forms about 24 per cent. of the 
total personnel of both sexes and of all ages in 
all the establishments considered. Unemploy- 
ment was specially marked in several trades, such 
as the printing and book trades, the precious 
stone and jewellery trade, the building trade, &c. 
On the other hand, in the food trades, in metallurgy, 
in transports, the lack of operatives caused by 
mobilisation was more than compensated for in a 
comparatively short time by the afflux of operatives 
who were strangers to these trades before the 
outbreak of hostilities. New staffs were formed, 
female labour being frequently resorted to for 
operating machine-tools, working reheating fur- 
naces, and operating texiile machinery. In the 
textile trades, eleven and twelve hours are being 
generally worked, the Labour Bureaux having 
sanctioned the measure, which the operatives, both 
male and female, have readily agreed to, owing to 
the exigencies of national defence. In the iron 
and steel trades the number of men has long been 
greater than in peace time, the hours are twelve 
per day, and the peace-time wages have only risen 
by 15 to 20 per cent. at the utmost. 

In the collieries matters hav2 not improved as 
much as would be desirable. In the second half 
of 1914 the output was only 9,348,000 tons, as 
against 20,439,000 tons for the first half-year. 
The total for 1914 was therefore 29,787,000 tons, 
as against 40,844,000 tons, which was the output 
for 1913. In this connection it should be remem- 
bered that a number of collieries in Northern 
France are in the invaded districts. 

The figures we give above for April, 1915, were 
improved upon in the following July. The situa- 
tion was further improved by the fact that over 








30,000 women were working in private factories at 
the manufacture of shells, rifles, bombs, grenades, 
cartridges, fuses, aeroplanes, dirigibles, &c., whilst 
about half that number were being employed in 
the State factories and arsenals. Numerous others 
were being given employment in the various phases 
of biscuit manufacture; in the chemical, paper, 
printing, book, leather, boot, wood, and other 
trades; in foundries, in the making of cores; and 
in the making of autogenous welds. 

Information gathered by the Labour Inspectors 
in October last bears on 44,000 establishments, 
occupying in normal times 1,542,000 operatives. 
In August, 1914, 48 per cent. only of these estab- 
lishments were in work, a proportion which rose 
to 57 in October, 1914, to 65 in January, 1915, to 
72 in April and to 77 in July, 1915. The percentage 
was 81 in October last. In that month the opera- 
tives in the 44,000 establishments in question 
numbered 1,139,000 of both sexes, or 74 per cent. 
of the total in normal times. The men mobilised 
numbering 24 per cent., there remained only 2 per 
cent. as the proportion of unemployed. 

Many skilled men, specialists in their particular 
avocation, are still away from the factories ; these 
men, being in the full vigour of their age, have 
been called for service with the Colours. The 
military authorities, however, have r»peatedly sent 
back to the factories a number of these men when 
their special skill has been deemed indispensable for 
national defence ; the authorities continue to follow 
the same course when circumstances demand it. 
Coal-miners have been among this class, and their 
return to the collieries has proved a great benefit 
to the community; the measure has enabled the 
collieries of the St. Etienne basin, in the centre of 
France, to yield about 85 per cent. of their normal 
output. The mining squads have been completed 
as far as was possible by miners from the invaded 
regions of France and Belgium. The refugees have 
not always readily taken to the work that was 
offered them ; notwithstanding the openings avail- 
able in all classes of trades, they preferred in a 
number of instances to remain content with the 
aid, meagre though it was, distributed to them. 
The various institutions, however, managed to 
place 4400 refugees in metallurgical works and 1200 
miners in the collieries, from November, 1914, to 
January, 1915. An official bureau has also been 
formed to find hands for all agricultural pursuits. 

As regards more particularly metallurgy and 
engineering, employers and men have vied with each 
other in their efforts to promote manufacture for 
national defence. As above stated, when the ser- 
vices of a man mobilised at the Front were found 
necessary in.any establishment, the man has been 
called back to work at his calling. Men in other 
trades, being skilled workmen, were taken on in 
large numbers to work on munitions, this measure 
being, of course, facilitated by the use of modern 
machine-tools. On the other hand, the distribution 
of monetary help to unemployed and to the families 
of men who have been mobilised for military duties, 
has had an influence in restraining labour, an 
influence which is still being felt. It was, of course 
the duty of Government to aid the families whose 
breadwinner was called to the Colours; but when 
the first commotion was over, and when the intense 
requirements of the Army were ascertained, ade- 
quate means should have been taken to replace 
monetary aid by work distributed to the various 
members of a family. But matters in this respect 
also are improving day by day. 





DRY-POWDER FIRE-EXTINGUISHERS. 

THE menace of incendiary bombs, to which a 
large part of the eastern side of this country is 
continually subject, has caused the householder to 
consider seriously the question of extinguishing 
fires immediately they break out, and before they 
have time to obtain serious hold on his premises. 
To do this he must have appliances ready at hand, 
for it is clear that it is only during the first minutes, 
or rather seconds, that any domestic means will be 
of avail. A good many such appliances are adver- 
tised, and large numbers have been bought on the 
strength of the recommendation of their makers. 
Prominent among these are the so-called dry-powder 





moderate outlay and small size. So far they are 
exceedingly attractive to the man who is seeking 
to protect himself easily and cheaply, and if they 
were really effective their cost would be money 
well spent. It betrays, however, a want of appre- 
ciation of the scientific capacity of the German 
mind to suppose that the army will equip their 
expensive Zeppelins with bombs of so small capacity 
that they can be extinguished by sprinkling them 
with a little powder. Our Fire Brigade officers 
formed a very decided opinion as to the merits of 
these appliances long ago, and the Metropolitan 
Police have issued several warnings against putting 
relianc: in them. But still the sale goes on, and, 
therefore, to demonstrate the exact value of such 
appliances the Home Secretary appointed a com- 
mittee of four members—Major A. MeN. C. Cooper- 
Kay, C.B., Major T. H. Crozier, Dr. J. A. Harker 
(National Physical Laboratory), and Lieut.-Com- 
mander 8. Sladen, R.N.—to conduct experiments to 
test the value of dry-powder fire extinguishers. 

The committee were fortunate in securing a site 
comprising a number of condemned cottages, in 
which fires could be originated. These were close 
to the London Fire Brigade headquarters, so there 
was no danger of a fire attaining serious proportions 
if the appliances under test failed to arrest it. 
Ground-floor rooms were roughly filled with wooden 
furniture, 28 Ib. of shavings, 28 lb. of firwood, 
} in. square by 18 in. long, and 14 Ib. of celluloid 
being laid in each room. Then an incendiary bomb 
was dropped through the first floor, and allowed 
to burn for a given period before the fires were 
attacked by the following appliances :—- 

Room A.—Dry-powder extinguishers, not exceed- 
ing six tubes. 

Room B.—Water in buckets, not exceeding six 
buckets containing two gallons each. 

Room C.—Liquid chemical extincteurs, not 
exceeding six extincteurs of two gallons capacity. 

Tn all cases the application was made by an un- 
skilled person, representing the average householder. 
Each bomb was allowed to burn 45 secs. before the 
fire was attacked, the powder in each case being 
“‘Kyl-Fyre.”” The intention of the committee had 
been to allow the fire to burn for three minutes, but it 
was found that the resulting fire was so fierce that 
the operator was unable to approach near enough 
to apply the powder extinguishers. This is a point 
of much importance, for it is seldom that the 
householder will be so self-possessed, after a bomb 
has fallen through his roof, as to get his extinguisher 
at work in 45 secs. Unless he has three or four in 
every room in the house, and is most prompt in 
bringing them into action, it is quite likely that the 
powder will never come into contact with the fire 
at all. There is, of course, no pressure behind it to 
project it, and in this respect it suffers in comparison 
with a water jet from a hose, which can be thrown 
from a distance. It was found by the committee 
that 18 gallons of water from a small hose extin- 
guished a fire which had had several minutes’ start, 
and which could not be approached for the applica- 
tion of powder. 

In one test the bomb was well alight in 5 secs., 
and the contents of the room were burning fiercely 
in 40 secs. The first tube of powder was applied at 
45 secs., and five additional tubes during 35 secs., 
the flames being reduced to about three-quarters of 
their original area at the end of this time (80 secs.). 
An interval of 40 secs. was allowed during which 
the fire was permitted to increase, reaching its 
original intensity at 2 minutes, after which it was 
extinguished by hose. 

Another test was made out of doors. 21 lb. of 
firwood, cut to $ in. square and 18 in. long, was 
laid on the ground in a circle about 4 ft. in diameter, 
and a bomb dropped in the centre. The first tube 
of powder was applied at 13 secs., the second at 
17 secs., and the third at 24 secs. The three had 
a dulling effect only, the flames from the burning 
wood being temporarily checked. The wood was 
quickly re-ignited by the bomb, and at the end of 
3 minutes was well alight and burning freely. It 
was then extinguished by a hose. 

A third test was made with a woolen structure 
about 6 ft. square, with a wooden floor covered with 
14 Ib. of shavings and 14 Ib. of wood, cut as above, 
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shavings were ignited by a fusee, and were well 
alight at 25 secs. ; in 30 rec. the walls were alight, 
and in 45 secs. the floor alight all over. The flames 
rendered approach to within 15 to 30 ft. distinctly 
unpleasant. The first powder was applied at 2 
minutes with temporary dulling effect ; the second 
at 2 mins. 22 secs., with the same effect, while the 
third at 2 mins. 39 secs. partly subdued the fire, 
which, however, increased again in intensity, and 
after 5 minutes was extinguished by a water jet. 

We have not space to detail the results of the 
tests with buckets of water and chemical extincteurs. 
They may be stated briefly, however. Three buckets 
of water or three extincteurs were quite sufficient, 
and sometimes more than sufficient, to extinguish 
the fires. Not only did they smother the flames, 
but they also cooled the burning material, so that 
it did not so readily relight when the smothering 
effect passed off. The action of the powder seems 
to depend upon cutting off the supply of oxygen, 
firstly mechanically, and secondly by the liberation 
of carbonic acid. Analysis of four different samples 
of dry powder from fire-extinguishers shows that 
it contains from 42 to 55 per cent. of sodium bi- 
carbonate, and from 1 to 50 per cent. of calcium 
carbonate, the available percentage of carbon 
dioxide varying from 11 to 15 percent. If the whole 
of this were given off suddenly, approximately 
1 cub. ft. of gas would be formed from each pound 
of powder used—that is, 12 cub. ft. of three tubes of 
powder. It may be doubted whether this small 
quantity has any appreciable effect on the fire, and 
the probability is that the powder acts merely 
mechanically. However, it is only fair to state 
that the application of sand was (weight for weight) 
less effective than the dry powder. It is, naturally, 
enormously cheaper. 

The series of experiments demonstrated again the 
fact, well known to all fire experts, that burning 
material must be cooled if it is not to burst again 
into flame as soon as the air gets access to it. Of 
course, if it can be buried under a deep layer of 
inert material, and left there for hours or days, the 
fire will gradually die out. But this result cannot be 
attained by tubes of powder weighing 4 or 5 |b. 
each. These are simply toys when employed 
against the fierce heat of incendiary bombs. For- 
tunately these do not burn long, but they attain an 
exceedingly high temperature, and ignite everything 
around them. It is absurd to try to bottle up this 
heat with a thin layer of powder. It must be 
carried quickly out of the building, and there is no 
agent for this purpose equal to water, with or without 
carbonic acid. Even water will not extinguish the 
bomb itself, unless applied in very great quantities. 

The committee reported to the Home Office on 
April 27, and their report (Cd. 8250, Price 1d.] 
was presented to Parliament last Tuesday. Their 
opinion is summed up in the following words :— 
“The spread of the fire caused by the bomb was 
greatly limited, and in some cases totally prevented, 
by the application of water; whereas after the appli- 
cation of the dry powder the fire continued to burn, 
although at each application some temporary check 
to the fire was noted.” 





TRADING WITH THE ENEMY AND 
PATENTS. 


THE Patents, Designs and Trade-Marks (Tem- 
porary Rules) Act, 1914, empowered the Board of 
Trade to make rules, and to do such things as they 
thought expedient for avoiding or suspending in 
whole or in part any patent granted to the subject 
of a state at war with His Majesty, and this Act 
further empowered the Board of Trade to grant 
licences to British subjects to make, use, exercise 
or vend patented inventions liable to avoidance or 
suspension. At the time this Act came into force 
we reviewed many of the decisions that were given 
on the advice of the Patent Court, which consisted 
of the Comptroller-General of Patents (Mr. Temple 
Franks) and the late Comptroller-General of Patents 
(Sir Cornelius Dalton). During the whole of the 
war the Patent Office has been receiving and dealing 
with applications for patents from alien enemies, 
and such applications have been allowed to proceed 
through all the stages as far as the acceptance and 
printing of the complete specification. At this 





point the procedure has been held up, and the sealing 
of the patents delayed until after the war. As a 
consequence there are in the Patent Office a number 
of what may be called “ unsealed patents.” Under 
the Patents (Temporary Rules) Act it. was not possi- 
ble to apply to the Board of Trade for a licence under 
these ‘‘ unsealed ” patents because, strictly speaking, 
they had not matured into patents. A position 
therefore arose that protected the inventions of 
alien enemies from attack under the Patents 
(Temporary Rules) Act. This position of affairs 
could not be allowed to remain, and as a consequence 
a section (No. 6) was inserted in the Trading with 
the Enemy Amendment Act, 1916, providing that 
if the benefit of an application made by or on behalf 
of or for the benefit of an enemy or enemy subjec 

for any patent was, by an order under the Trading 
with the Enemy Amendment Act, 1914, or the 
1916 Act,vested in the custodian (i.e., Public Trustee), 
the patent might be granted to the custodian as 
patentee and might, notwithstanding anything in 
Section 12 of the Patents and Designs Act, 1907, 
be sealed accordingly by the Comptroller-General 
of Patents, and any patent so granted to the 
custodian should be deemed to be property vested 
in him by such order as aforesaid. 

This new enactment throws what we have called 
“unsealed ” patents open to applicants for licences. 
An application of considerable interest, the first 
under this new legislation, has been made to the 
Patent Court. The application was made on behalf 
of two Sheffield firms, and the invention, which was 
made by two German engineers, named Dinger 
and Timmer, of Solingen (the German Sheffield), 
related to machines for making blades. The two 
Sheffield firms were Messrs. Thomas Turner and 
Co. and Messrs. Needham, Veall and Tyzack, and 
they required to use this invention in order that they 
might fulfil a War Office contract of such an exten- 
sive nature that it could not ordinarily be complied 
with. The Comptroller-General intimated that the 
application would be granted, and in doing so he 
made clear the procedure that would be adopted in 
the future in this class of case. The Public Trustee 
will be made the custodian of all the “ unsealed ” 
patents, and while the licence has hitherto been 
issued by the Board of Trade, the licence on 
“ unsealed ”’ patents will be executed by the Public 
Trustee, and granted in his own name, though it will 
be prepared by the Solicitor of the Board of Trade. 
The Public Trustee will hold the royalties, but 
somebody will have to pay the sealing fee, for an 
“unsealed ”’ patent must be sealed to someone 
before a licence can be granted. We believe there 
are upwards of two thousand of these “ unsealed ” 
patents, and of these a large number of inventions 
will be doubtless of interest to British manufacturers, 
who will no doubt take full advantage of the new 
range of inventions now thrown open to exploitation. 





THE LATE SIR CORBET WOODALL. 


Tue news of the death of Sir Corbet Woodall, 
which took place at Torquay on the 17th inst., will 
be received with general regret, the deceased 
gentleman’s unfailing courtesy and great accessi- 
bility having contributed largely to the unique 
position which he occupied in connection with the 
gas industry. Indeed, it is difficult to see how, 
under the changed conditions of to-day, a similar 
pre-eminence could be attained by his successors. 

Sir Corbet Woodall was 75 years of age at the 
time of his death, having been born at Liverpool in 
1841. He had an hereditary connection with gas 
undertakings, his father having been manager of 
the Wolverhampton works. His own professional 
career commenced at the Burslem Gas Works, of 
which his elder brother was then manager; but his 
stay here was short, as in 1859 he was apprenticed 
to the late Mr. Henry Morton, then engineering 
manager to the Woolwich Equitable Gas Company. 

In 1865, when but 24 years old, he was entrusted 
by the Stockton Corporation with the reconstruction 
of their gas works, and they were so satisfied with 
his services that by a special resolution of the 
council he was awarded an additional gratuity of 
100 guineas. During this period he also acted as 
consulting engineer to a number of gas works in 
the neighbourhood, and in this capacity was respon- 





sible for the works of the North Ormesby Gas Com- 
pany. In 1869 he returned to London, service 
with the Phoenix Gas Company at the Vauxhall 
Works, under his old chief, Mr. Morton, whom he 
ultimately succeeded as engineer to the company. 
In this capacity he constructed in 1878 a gasholder 
at Kennington Lane. This was the largest built 
up to that date. The tank measured 218 ft. in 
diameter, and the designed capacity was 3,100,000 
cub. ft. At about this date the advent of com- 
mercially practicable systems of electric lighting 
seriously perturbed the holders of gas shares. The 
embankment had been lighted electrically in 1878- 
79. In conjunction with Mr. Wm. Sugg, Sir Corbet 
did much to re-establish confidence by his demon- 
strations that high-power gas lighting was practic- 
able if the public were prepared to pay the price. Of 
course, the gas mantle had not then been invented, 
but the electric lamp of that date was also far from 
efficient, so the contest was by no means an unequal 
one. Sir Corbet recognised, nevertheless, that the 
new illuminant was to be seriously reckoned with, 
and he became a strong advocate of the policy of 
combining gas and electric undertakings in the same 
hands. This policy he was later on able to give effect 
to in the case of the Tottenham District Gas Light 
and Power Company. 

On the amalgamation of the Phoenix Gas Company 
with the South Metropolitan undertaking, Sir 
Corbet received a retiring allowance, and commenced 
practice as a consulting engineer at Westminster. 
His success in this capacity has been remarkable. 
He became a leading expert witness at parliamentary 
inquiries, and his services as arbitrator were in 
very great request. 

He was consulting and inspecting engineer to the 
Imperial Continental Gas Association and to the 
Australian Gas Light Companies, as well as to many 
similar undertakings in this country. He did much 
to introduce here the use of carburetted water-gas. 

He joined the Institution of Civil Engineers in 
1872, becoming full member in 1877. In 1882 he was 
elected a member of the Institution of Mechanical 
Engineers. He was president of the British Gas 
Association in 1878, of the old Institution of Gas 
Engineers in 1897, and of the present Institution 
in 1913. In this latter year he was also president 
of the British Commercial Gas Association, and of 
the Society of British Gas Industries. In 1912 
Leeds University conferred on him the honorary 
degree of D.Sc. He was knighted in 1913. 

In addition to Sir Corbet’s engineering work, he 
exercised administrative functions on a very large 
scale. He became a director of the Imperial 
Continental Gas Company in 1902, and at a still 
earlier date was appointed to the Board of the 
Gas Light and Coke Company, of which he became 
Governor in 1906. He was also connected as director 
with many other gas undertakings. He was a 
warm advocate of the policy of co-partnership, and 
was responsible for the intreduction of the system 
into most of the gas undertakings with which he was 
connected. In the case of the Gas Light and Coke 
Company the plan was inaugurated in 1907. 

Sir Corbet was a strong supporter of the Territorial 
Force, and as far back as 1908 stated publicly that 
if the force were not made a success compulsory 
service would be necessary, and “the sooner the 
better.” The difficulties which employers put in 
the way of men joining this force were strongly 
condemned in his presidential address to the Society 
of British Gas Industries in 1913. 

Sir Corbet was also largely responsible for the 
scheme adopted by the London County Council 
for the training of lads as gasfitters. 

His son, Mr. Henry Woodall, has for many years 
been associated with his father in his practice as 
consulting engineer at Palace Chambers, West- 
minster. Of his other sons, two are now engaged 
on active service, whilst a fourth is the general 
manager of the Brooklyn Borough Gas Company, 
Coney Island. 





American Britets.—The imports of American billets, 

blooms, and slabs into Great Britain between A 
and December, 1614, amounted to 9342 tons; in 1915 
they were 349,046 tons; and in January and February 
this year 21,330 tons, making an regate of 379,718 
Since the war bam the United States have 


nished steel into Great Britain. 





tons. 
p-- nearly 89 per cent. of the imports of semi- 
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NOTES. 
Low Expansion GLASSES. 


In a paper recently read !efore the New York 
section of the Society ot Clemical Industry, Mr. 
E. C. Sullivan gave sone figures which illustrate 
strikingly to what extent the expansion of glass 
on heating can be varied by suitable changes 
in its composition. Ordinary lead glass has, he 
states, a linear expansion coefficient of 9.2 x 10-6, 
but glass can be made without difficulty having 
coefficients as high as 1.3 x 10-5 or 1.4 x 10-5, 
that of copper being 1.75 x 10-5, and of iron 
1.3 x 10-5 On the other hand, a glass re- 
cently produced in America has a coefficient of as 
little as 3.2 x 10-%. This is being used to some 
extent for laboratory apparatus and culinary vessels, 
but is for the most part used for battery jars and 
lantern globes for railway purposes. This glass has 
practically the same coefficient of expansion as the 
best porcelain, with which it makes a satisfactory 
seal. The coefficient of expansion of quartz glass is, 
Mr. Sullivan states, between 6 x 10-7and7 x 10-7. 
The low expansion glasses are often very stiff at 
the ordinary melting temperatures, a fault which, to 
some extent, can be corrected by the use of boric 
acid, but if added in large quantities this affects 
seriously the stability of the glass. One low expan- 
sion glass containing much boric acid dissolves 
slowly but completely in water, whilst acid will 
cut through } in. of the glass in a few days. For 
some purposes, however, this glass is serviceable, 
and hundreds of tons have been used. A curious 
fact noted by the author is that when glass baking- 
dishes were used the baking was more rapid than 
when metal dishes were used. This was traced to 
the fact that metals reflect from 83 per cent. to 
99 per cent. of the radiation incident on them, 
whilst glass reflects only some 3 per cent. to 14 per 
cent. 


AMERICAN RaILRoaps. 


The uses of adversity are not always sweet, 
but they have their advantages. The economies 
forced on the railroads of the United States by 
rate reductions in the face of advancing wages 
since 1913 caused a decrease of operating expenses 
of 191,446,000 dols. in 1915, although more passen- 
gers and freight were carried. In the first half of 
1915 there was a decrease from operating re- 
venues of 11,000,000 dols., and a decrease of ex- 
penses of operation of 56,000,000 dols. It was only 
in the second half of 1915 that the influence of the 
European war was really felt on the American 
railroads, in consequence of the call for enormous 
quantities of war munitions and foodstuffs. The 
increase in gross operating revenues in that period 
was °204,000,000 dols., and this was earned without 
a proportionate increase of operating expenses. 
In the first half of 1915 the ratio of expenses to 
revenue was 72.02 per cent., and in the second 
half 63.33 per cent. Since 1907 the ratio has 
fluctuated between 67.7 per cent. and 72.19 per 
cent. The net operating income of the railways 
in 1915 was 899,000,000 dols., as compared with 
687,000,000 dols. in 1914 and 801,000,000 dols. in 
1910, the previous best year. The operated mileage 
of the privately-owned, government-controlled 
railways of the United States on June 30, 1915, 
was approximately 266,000 miles. Of this, 247,312 
miles are single track, and 98,166 miles yard tracks 
and sidings, and less than 34,000 miles two, three 
and more track. This is an enormous length of 
line in comparison to the population. In Europe 
the ratio of population to miles of railway is 2142 
to 1, while in the United States it is 406 to 1, the 
proportion being more than § to 1 in favour of the 
American citizen. The toom in railway traffic 
found the American companies quite unprepared 
to cope with it. During the decade preceding 1907 
the railway traffic, measured by earnings, had 
increased over 130 per cent., and the freight tons 
carried 1 mile by 154.3 per cent. This last amazing 
increase had been handled with an increase of 
100 per cent. in the weight of locomotives and 
127 per cent. in the capacity of freight cars. In 
the eight years between 1907 and 1915 the traffic 


‘}in car capacity, so that at no time during the 


45 per cent. in locomotive weight and 42 per cent. 


period of eight years since 1907 were the facilities 
of the railways more than locally or temporarily 
taxed. Last June the railways had to provide 
power and equipment to meet an unprecedented 
rush, when factories were crowded and prices 
soaring. The number of freight cars in the United 
States is now approximately 2,500,000, and the 
average annual construction is 120,000. During 
1915, however, there were only 74,000 cars built, in 
addition to 1949 passenger cars and 2085 loco- 
motives. The result has been that it has been most 
difficult to get merchandise conveyed to the ports, 
and this difficulty has been vastly increased by 
the want of shipping. Cars could not be unloaded 
and had to be stored in sidings, until scores of 
miles of cars were laid up in this way, and the 
number available for service still further decreased. 
Very many interesting facts in connection with 
American railway working are to be found in 
Railway Statistics of the United States of America, 
issued by the Bureau of Railway News and Statis- 
tics, to which we are indebted for these figures. 


Tue Movements oF THE Eartu’s Pore. 


Discoursing on the movements of the earth’s pole 
at the Royal Institution last Friday, Colonel Edmond 
Hills, R.E., D.Sc., F.R.S., Secretary of the Royal 
Institution, considered the problem as it affects a 
freely-suspended earth, quite disregarding any attrac- 
tional influences of the sun and moon, &c. If the 
earth were a perfect sphere, he pointed out, it should, 
once set in rotation, continue to spin regularly 
about any diametrical axis. But the earth was 
flattened at the poles, and the rotation could only 
be stable if about its one axis of symmetry. Rota- 
tion about any other axis, not an axis of figure, 
would be unstable, and Euler taught, 150 years ago, 
that the axis of rotation should revolve about the 
axis of figure in a period, depending upon the 
shape of the earth and its elasticity, but not 
upon the actual distance between the poles of the 
two axes. Assuming the earth to be rigid, Euler 
predicted a period of 306 days, or 10 months, 
for this movement. The movement would become 
apparent in a variation of the latitude of any 
spot on the earth, if the latitude were deter- 
mined in the usual way, by measuring the altitude 
of the north pole—the elevation of the pole above 
the horizon, which is equal to the latitude—or rather 
the distance between the zenith of a place and the 
celestial pole. Attempts to determine this variation 
were made, but the effect seemed to be too small 
for exact measurement. In 1884, however, S. C. 
Chandler, at Harvard Observatory, and H. Kiistner, 
at Bonn, reopened the problem independently. 
Chandler observed a progressive change in latitude, 
irregular and not of a 10 months’ period, and he was 
going to give up the work when he heard that 
Kiistner had come to similar results while studying 
fluctuations in the constant of aberration, which he 
ascribed to variations in latitude. Chandler then 
continued his work and traced a period of 428 days 
(or 14 months), which, Simon Newcomb showed, 
would be in accord with the probable elasticity of 
the earth. The Geodetic Institute at Potsdam 
then took the matter up; and the International 
Geodetic Conference of 1889 resolved to entrust 
the very laborious work to six stations, all 
lying approximately in latitude 39 north (Mizu- 
sawa, in Japan; Tshardfui, in Central Asia; 
Carloforte, near Sardinia Island; Cincinnati and 
and two other stations in the United States, in 
Maryland and California); two more stations in 
the Southern Hemisphere were later decided upon. 
Colonel Hills exhibited s»me of the curves compiled 
by Albrecht from these international observations. 
They showed that the pole had been describing an 
irregular spiral since 1890, this spiral, which was 
widest at the date named (extending through nearly 
0.3 second of arc to both sides of its mean position), 
afterwards contracting, and then became enlarged 


sured near the pole it would hardly amount to more 
than twice 20 ft., and would thus fall within the 





of American railways increased less than 14 per 
cent. This was attended with an increase of 





dimensions of a large rcom. Some of the best work 
| in connection with the problem had been done in 


again. The excursion was exceedingly small ; mea- | 


effect from other, more irregular and probably 
seasonal effects. Colonel Hills indicated how the curve 
could be analysed. Seasonal effects might be due to 
the melting of the polar ice caps during the summer 
of a hemisphere ; John Milne had suggested that big 
earthquakes might displace the pole and affect at 
least the regularity of the curve, but his later 
calculations had not supported this view. Others 
had thought that the solar atmosphere extended 
beyond the earth, and that the refraction in that 
atmosphere should be strongest in summer; such 
an atmosphere was improbable, yet some refraction 
effect was possible, as the analysis showed that a 
certain component was great in summer and 
vanished at the equinoxes. The ice effect looked 
the most likely. But more observations by 
special instruments were required. Chandler had 
attached a telescope to a platform floating on mer- 
cury; others had designed special floating teles- 
copes, vertically mounted. Colonel Hills himself 
had a telescope constructed which was suspended 
in a pit; temperature, wind and the bending of 
ordinary telescopes would not affect this type, but 
it was subject to earth magnetism, unless entirely 
free from iron. The instrument was, he said, ready, 
but had not yet been used owing to the war. 





BraziniaN TRADE WITH THE UNITED Srates.—We 
read in Machinery, New York, that plans are being made 
in Brazil for organising a commercial commission which 
will visit the United States, with the threefold purpose 
of calling the attention of capitalists in the United 
States to opportunities for investment in public utility 
and manufacturing establishments in Brazil; for in- 
creasing the exports from the United States to Brazil by 
showing what Brazil wants in machinery, textiles, and 
other manufactured articles, and by explaining Brazilian 
requirements in the matter of banking, exchange, 
customs regulations and transportation, and for in- 
creasing the imports of Brazilian products into the 
United States. 





Gtascow Suarrrine WxHo’s Wxo.—There has just been 
issued at ls. net by the proprietors of the Liverpool 
Journal of Commerce, from their Glasgow offices at 
105, West George-street, the fourth annual edition of this 
useful publication. In addition to a map of the ports of 
Glasgow and of the Rothesay Dock at Clydebank, there 
are given, alphabetically arranged, Glasgow shipowners, 
with the names of the officials and the fleets, and of Clyde 
shipbuilders, ship-repairers and engineers, also with the 
names of their officials, and particulars of the capacity 
of the works. Railway facilities, officials of marine 
technical and commercial organisations and the like have 
similar treatment, while a full personal index enables one 
to ascertain the connection of individuals with the 
shipping interests of the city and river. 





Tse InstiTUTION oF MuNictPaAt AND County ENGI- 
NEERS.—We have received a copy of the revised Regula - 
tions and Syllabus for the examinations held by the 
Institution of Municipal and County Engineers. Candi- 
dates will now be admitted to the examination at the age 
of 21 instead of 22. Candidates will be required to have 
spent at least a year in the office of an engineer engaged 
in public work. By the elimination of a certain amount 
of overlapping and re-arrangement it has been possible 
to reduce the number of papers by one, which together 
with the addition of an extra day to the examination has 
given an opportunity of instituting a practical examina- 
tion. The practical examination will be supplementary 
to, and not in substitution for, the viva voce examination ; 
it is hoped that examination of candidates on the actual 
site on which work is taking place will result in establish- 
ing a still higher standard of practical ability and 
knowledge than has hitherto been obtained. There isalso 
an examination for the Certificate in Town Planning and 
in County and Highway Engineering. 





Exposisitity or ACETYLENE.—Acetylene being exten- 
sively used as an illuminant for miners’ lamps in the United 
States, the Bureau of Mines (Technical Paper 112, by 
Messrs. G. A. Burrell and G. G. Oberfell) investigated the 
explosibility of acetylene-air mixtures, experimenting, #= 
in previous investigations of a similar kind, in a Hempel! 
pipette of 100 cub. cm. and in a large vessel of 2500 
com em. Ignition was produced in the former case by 
passing a spark between two platinum-wire electrodes, 
and in the latter by pulling apart two ommge wires 
carrying current of 5 amperes at 220 volts. e lower 
limit of explosibility was found to be 2.81, or 3 per cent. 
of acetylene, the upper limit 73 (in some cases 50) pe! 
cent.; the latter figure fluctuated strongly with the 
e imental conditions. Compressing the mixture ha: 
little influence, however. But when acetylene itsel! 
(not mixed with air) was compressed, it was exploded 
by a heated platinum coil when at five atmospheres pres- 
sure, and by an induction coil at three atmospheres 

ressure. The investigators made some calculations t: 
show that little danger should arise in mines from 
calcium carbide coming into accidental contact with 
water or being exposed to moist air. But they admit 
that one accident has occu A miner carry!n: 
calcium carbide in a glass bottle stumbled, the carbid» 
fell into a pool of water, and the acetylene merated was 





Japan, where Kimura had tried to separate the Euler 


ignited by his cap light, severely burning the man. 
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INDUSTRIAL NOTES. 


Tue President of the Local Government Board has 
brought the following to the notice of Tribunals on the 
subject of skilled workers useful for munitions.work but 
not badged. In some cases, especially in the case of 
unmarried men under (say) 25 or 30 years of age, the 
Tribunals may not think it necessary to issue a certifi- 
cate of exemption in respect of the private work upon 
which such workpeople are engaged ; and the question 
will then arise whether they possess qualifications 
specially required for munitions work. Where this is 
the case, the national interest will probably best be 
served by making the issue of the certificate of exemp- 
tion conditional upon the applicant’s obtaining work 
entitling him to wear a War Service Badge within a 
month, or such longer time as may be necessary to 
enable his badge tu be issued. The occunations for 
which there is at present a most urgent demand for 
munitions work for men of all ages are the following :— 
Millwright ; fitter and erector (engineering); turner 
(engineering), excluding capstan and automatic lathe 
turners; planer (engineering) who sets up his own 
machine ; slotter (engineering) who sets up his own 
machine ; miller (on universal and slab machines) who 
sets up his own machine ; grinder (on precision grinding 
machines) ; sheet-metal worker (engineering) ; marker-off 
(fitter, turner and draughtsman only); draughtsman 
(engineering, not tracer) ; coppersmith ; examiner (fitter 
or turner only); viewer and gauger (fitter or turner 
only) ; tool setter for machine tools; tool fitter. In the 
case of these occupations Tribunals will be justified, 
after satisfying themselves of the occupation of the man, 
in granting conditional certificates of exemption, in the 
manner described above, without further inquiry. 





Retail food prices in the United Kingdom, says the 
Director of the Department of Labour Statistics, showed 
an increase of about 4 per cent. in April. As compared 
with May 1, 1915, the general level of prices showed an 
increase of about 23 per cent. Taking the country as a 
whole, and making allowance for the relative importance 
of the various articles in working-class household expen- 
diture, the average increase in the retail prices of food 
since the beginning of the war may be put at 55 per 
cent. This figure relates to food only, and in estimating 
the increased cost of living this percentage must not be 
applied to the total family expenditure, but only to that 
proportion which is expended on food. 





During March an increase amounting to 8 per cent. 
was recorded in the general level of retail prices of 
certain of the more important articles of food in Berlin 
as compared with February, while retail food prices as 
a whole rose to 1V0.5 per cent. above those of July, 
1914. In arriving at these results allowance is Re 
for the relative importance of the various articles in 
working-class consumption. As compared with July, 
1914, every article was dearer, the general result being 
that the retail cost of a fixed scale of food consumption 
would in March, 1916, have been just over twice as 
much as in the last month before the war. As an index 
to the state of food supplies in Berlin, detail figures 
of cost can only be accepted with reserve. The prices 
recorded are in several cases maxima, above which 
retail dealers are not legally permitted to charge. More- 
over, many articles may only be sold in strictly limited 
quantities ; while others would appear to be unobtain- 
able at the ordinary shops. 





In March a scarcely perceptible rise (0.1 per cent.) 
was recorded in the general level of retail food prices in 
Vienna, but in comparison with July, 1914, that level 
showed a rise of 110.4 per cent. As an index tothe 
state of food supplies detail figures, like those relating 
to Berlin, can only be accepted with reserve, since many 
of the most essential kinds of food are no longer sold in 
a free market. 





According to the journal of the Swiss League for 
Reducing the Cost of Living, the general level of retail 
food prices in Switzerland in March, 1916, showed a 
rise of 2.7 per cent. since December, 1915, and a rise of 
29.9 per cent. as compared with June, 1914. 


The Scottish Coal Trade Conciliation Board Meeting 
in Glasgow.on Tuesday considered the miners’ applica- 
tion for an advance of Is. per day in wages; and, 
failing to come to an agreement, decided to ask Lord 
Loreburn to act as neutral chairman. 





A conference was held on Tuesday in the Glasgow 
offices of the shipbuilding and engineering employers 
between representatives of the North-West Engineering 
'rades Employers’ Association and of the Clyde District 
Committees of the Amalgamated Society of Engineers to 
consider the application of the men for an advance of 
wages. The advance asked is 2d. per hour on present 
rates. Since the war began the Clyde A.S.E. men have 
made two previous applications for advances of wages 


on their own account, and one jointly with the other 
unions represented on the Federation of Engineering 
and Shipbuilding Trades. In August they obtained an 
advance of ld. per hour as a result of one of their 
individual applications. The conference failed to arrive 
at any decision, and it is expected that the application 
will either be carried to a Central Conference between 
the Engineering Employers’ Federation and the Execu- 
tive Council of the A.S.E. and afterwards to the Govern- 
ment Committee on Production, or to the Committee on 
Production direct. 





In the course of an address he delivered in Glasgow 
on Tuesday, the 16th inst., Mr. T. C. Elder, of the 
British Electrical and Allied Manufacturers’ Association, 
stated that there was a very natural and excusable 
reluctance to resume the wearisome debate touching 
Free Trade and Protection if it could be avoided. But 
the war had sharply reminded us of the need for 
discrimination and selection in our ways of earning our 
national livelihood, and the country was ready to accept 
in place of all-round Free Trade or Protection some 
rational system of public encouragement for those trades 
that appeared to be of most vital importance. The idea 
of industrial preference suggested first consideration for 
three groups: the agricultural, the textile, and the 
engineering, which included shipbuilding. What we 
were concerned with was the engineering group, and 
we base our claims on.three propositions :— 

1. National and Imperial safety depended on the 
maintenance of a progressive and prosperous engineering 
industry. The decisive influence of machinery in war- 
fare became more and.more marked, and we could not 
again take the risk of allowing Germany to attain 
mechanical military superiority on land or sea, or under 
the sea, or in the air. All possible public support 
should be given to the technical advancement and the 
commercial organisation of British engineering as a 
question of life and death. 

2. Engineering was in peace also the key industry. 
Machinery was universally employed, and in agriculture, 
in manufacturing, and in transport efficiency and pros- 
perity depended on the prompt adoption of modern 
equipment. The existence of a great engineering in- 
dustry in Britain was an obvious advantage to general 
productive occupation. If we kept Great Britain a well- 
engineered country we were going far to ensure that it 
would be a well-populated, a well-capitalised, and a 
well-employed country. 

3. The national earning power of this group of indus- 
tries could be greatly increased by taking intelligent 
advantage of its extension and improved equipment due 
to the demand for munitions, and by collective exploita- 
tion of foreign markets by associated manufacturers and 
financiers. 

Here, then, was surely an industry which was entitled 
to preferential consideration. Whether engineering 
should have special State encouragement had no depend- 
ance on a general change of British fiscal policy. Free 
Trade in some other descriptions of manufactures might 
still be left as a debatable question. Free Trade in 
engineering must go for ever. To go on employing 
Germany to make machinery for us ; to allow her syndi- 
cates to corner our metal supplies; to give her equal 
opportunities of developing her engineering and ship- 
building as though these were purely peaceful industries 
would be a political crime. It would be an insane gamble 
with the primary interests of our country and our 
Empire. It would be an infamous betrayal of those who 
have shed their blood in our defence. 1t would be an 
abject surrender of all that they were fighting for, 
because we could not guarantee to guard our own 
liberties and to fulfil our duty of maintaining the inde- 
pendence of the smaller nations if we again allowed this 
enormous mechanical power to be wielded by those who 
had proved themselves the world’s leading exponents of 
scientific savagery. 





The representatives of the coalowners and miners for 
the Federated districts of England and North Wales, at 
a meeting of the Coal Conciliation Board held in London 
on Thursday, the 18th inst., agreed together upon an 
advance of 34 per cent. on_ the present rate of wages, to 
take effect from the second pay day in June. The 
decision governs the wages of 350,000 men and boys. 





On Thursday, the 18th inst., a deputation of coal- 
owners of the United Kingdom met, at his request, 
Mr. Runciman, President of the Board of Trade, with a 
view to discuss a scheme for limiting the price of coal 
exported to France. The meeting was private, but it is 
understood that the deputation agreed in principle to a 
voluntary limitation of the price of coal, and that steps 
will be taken to put the matter before the various 
districts and to formulate at an early date a definite 
proposal for the consideration of the Board of Trade. 


The Federation of Engineering and Shipbuilding 





that the questions which were discussed referred to over- 


time and to dilution of labour in shipyards. There was 
also considerable discussion on a proposal by the Admi- 
ralty which had been endorsed by the Munitions Central 
Labour Supply Committee, to the effect that in order to 
prevent unnecessary time-losing no overtime should be 
ey for unless the standard number of hours each day 
ad been worked, due regard being given to cases where 
time was lost through causes over which the workmen 
had no control. It was not proposed to apply this regu- 
lation to repair work or to shipyards in w cs it was the 
custom to pay overtime after a full week had been 
worked. The proposal of the Admiralty was strongly 
objected to by the representatives of the shipbuilding 
trades, and a resolution was accepted declaring that it 
was not calculated to increase the output and urging the 
trade unions to assist in meeting the nation’s require- 
ments by working fall time and by curtailing the holi- 
days. In regard to an advance in wages, it was decided 
to ask the President of the Board of Trade and the 
Minister of Munitions to receive a deputation for dealing 
with the question of State regulation of the prices of the 
commodities of life, the meeting being of opinion that 
such a resolution was much more important and would 
be much more beneficial than an advance in the present 
rate of wages. A proposal to increase old-age pensions 
to 10s. per week, sent in from the Tyne and Wear 
District Committee, was agreed to unanimously. 





The Minister of Munitions announces that he has made 
further orders under the Munitions of War Acts, 1915 
and 1916, under which 131 additional establishments 
have been declared controlled establishments. The 
total number of controlled establishments under the 
Munitions of War Acts, 1915 and 1916, is now 3577. 





Writing in the sixty-seventh quarterly report, dated 
March, 1916, of the General Federation of Trade Unions, 
Mr. W. A. Appleton, the Secretary, states that the 
quarter just ended sees a further addition to the 
Federation’s reserve fund of more than 15,0001. Con- 
tributions have risen a little, and the amount paid in 
benefits is down by about 801. The additions to reserve, 
though substantial, are not in excess of possible after- 
war requirements. Opinions differ as to the nature of 
after-war problems and their effect upon the trade 
union movement; but there ought to be no difference of 
opinion about the need for proper preparation and 
substantial banking accounts. During the period of 
industrial and commercial readjustments which will 
follow the signing of peace, the fate of movements as 
well as nations will be decided. ‘Trade unionism must 
not depend upon promises or hope to receive preferen- 
tial treatment; it will secure just what it is strong 
enough to take, that and nothing more. Such a state- 
ment does not imply criticism or any charge of breach 
of faith ; it is just a statement of fact and is based upon 
historical and economic experience. It is therefore of 
profound importance that trade unions:should decide at 
once what they want; how far their wants are within 
the bounds of possibility; and then what kind of 
organisation and how much money is needed to win 
through. National exigencies have resulted in the more 
drastic application of income-tax regulations. Organisa- 
tions as well as individuals have been rounded up. 





Tue German PerroteuM INDUSTRY AND THE WaR.— 
The German Petroleum Company has done exceptionally 
well, owing to the war, in the year 1915, and could easily 
have declared a higher dividend than the 20 per cent. 
which the shareholders now receive (against 12 per 
cent. for the preceding year), the working profits from 
all works and affiliated concerns, which are not specified 
in the report on account of the war, amounting to about 
30,000, marks (1,660,0001.), against 9,200,000 marks 
(510,0001.) for 1914. Whilst in times of peace the 
business done by the German Petroleum Company is 
materially less than that done in imported American 
ee mn especially through the German American 

etroleum Company, the former in 1915 had to supply 
the bulk of what Germany needed. This necessitated a 
number of new installations, which may not all be 
wanted in times of peace, wherefore liberal ee 
have been provided, 2,360,000 marks against 850,960 
marks in 1914 on home concerns, and 6,000,000 marks 
on the Austrian petroleum works and refineries. This 
large sum has been written off on account of the company’s 
relations to the Premier Oil Company, which controls 
the principal Austrian interest in the concern, After 
all the writings-off the surplus exceeds 12,000,000 marks, 
against 6,541,982 marks in 1914. The dividend (20 per 
cent.) absorbs 6,150,000 marks, 1,277,777 marks are 
added to the reserve (now 10,000,000 marks), 2,000,000 
marks are to form a building reserve, with a view to 
the new works at Schéneberg, 1,000,000 marks toa 
fund in aid of officials and workmen, and 1,000,000 marks 
to a national institution, a sum of about 2,350,000 marks 
having been left over from the previous year’s profits. 
For the war -profit tax a reserve of 6,500,000 marks 
had already been deducted from the profits. The 
company’s holdi of State securities, exclusively 
German and Austrian war loans and Bulgarian loans, 








Trades held meetings last week in Aberdeen. The pro- 
ceedings were private, but it was officially announced 





at the end of December, 1915, amounted to 9,624,000 
‘marks but since then 12,000,000 marks have been 
subseribed to the fourth war loan. 
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“INDUSTRIAL DEVELOPMENT.” 
To rue Eprror or ENGINEERING. 

Sim,—I am sure that all who heard or who have read 
Mr. Harold Cox’s address upon “ Industrial Develop- 
ment,” delivered by him to the Institution of Civil 
Engineers on March 7, 1916, must agree with his criticism 
of the Consular Service, and the futility of the Journal 
of the Board of Trade ; also with his conclusion that the 
manufacturers of this country, whether of the engineering 
or other trades, can — no help from such an office, 
but must combine to further the interests of national 
trade abroad by forming a “ National Trade Agency” 
themselves. ais incitement to “ collective effort’’ is 
in the right direction, but I venture to think that Mr. 
Cox's proposals do not go far enough ; and it is the pur- 
pose of this letter to indicate how much farther I think 
they might be carried. We are suffering from having 
overstrained the national principle of individualism, 
and must modify our methods in accordance with the 
signs of the times. 

ndividualism has its merits, but the conditions of 
war strikingly illuminate its defects, and I think it does 
not require a very lengthy analysis to show that the 
dangers which threaten our commercial and domestic 
welfare are due to the results of this overstraining of a 

rinciple which has done good service in its day, but is 

ailing us now under altered conditions. 

The tendency of all commercial undertakings is towards 
the amalgamation of capital in huge limited liability 
companies or trusts, to the extinction of the private 
trader. This results in destroying the old personal 
relationship between master and man. A rigid and 
impersonal relationship is in consequence set up between 
capital and labour. is further leads to the segregation 
of employers and employed. The employers flock to 
one quarter of the town, or distant houses in the country; 
the employed are left in congested districts of popula- 
tion without the humanising and civilising touch of any 
refinement in their midst. Destruction of any spiritual 
unity is the result. This is the domestic danger. 

On the other hand, the tradition of absolutely unfettered 
competition has left the employer under a Government 
which has adopted the principle of laissez faire as its 
guide in a position of precarious isolation. When he 
meets the delegates of a strong trade union, who can 
declare a strike at will if he conform not to their rules, 
he is = helpless. Even when, as a counter- 
poise, he forms an employers’ federation, his position 
is not much bettered. The mutual jealousies of com- 
petitors make all their proposals timid and half-hearted, 
and the balance of advantage in the conferences which 
take place generally leans to the trade-union repre- 
sentatives, who know better what they want and are 
more direct in their policy, because they are pleading 
for a united interest against a divided one. Recent 
legislation has still further strengthened the position of 
the trade unionist. When politics enter into trade 
disputes, the old principle of laissez faire and unre- 
stricted competition b down. 

It seems to me impossible to go back to the conditions 
which made it possible to treat a trade dispute as a 
domestic one between the individual employer and his 
shop hands. We have got to accept modern conditions, 
and make the best of them; and the only way to make 
peace between capital and labour, and assure prosperity 
to the trades in which they are both engaged, is to make 
the State the protector and arbitrator of both. 

It may be objected that the laws of the State already 
provide for this. Unfortunately the power of the vote 
weighs down the scales of justice unfairly, and so far 
as legislation has adopted the principle of State inter- 
ference it has been hitherto all in favour of labour. 
The limit of safety in this direction has been reached, 
and, in the opinion of many, overpassed. 

Capital is a plant of slow growth, and owing to the 
fact that its roots are in the soil, or at any rate in the 

ylant on the soil of a country, it is not so mobile as 
abour; but if it should be driven by discouragement 
to another country, it would be all the more difficult to 
replant it in the country it has left; and labour, while 
it is mobile in its own country, is generally timid of the 
transplanting operation called emigration, and would 
suffer more acutely by the dwindling resources of its 
nation, because its own resources are Res. The parable 
of Menenius Agrippa still holds good. 

On the other hand, the attitude of the trade-union 
leaders under the stress of war has been admirable, and 
inspires the test confidence in their political acumen 
among their fellow countrymen. The strikes which have 
disgraced the generally patriotic attitude of labour since 
the commencement of the war have been contrary to the 
advice of the trade-union officials. They are an illustra- 
tion of the danger to which our traditions of individualism 
expose us. But it would not be fair to place the 
responsibility for these manifestations of ignorance on 
the shoulders of the leaders of trade unionism. There 
are men among them of the greatest ability, and from 

rsonal contact I can give my homage to Mr. Arthur 

enderson as an outstanding aid brilliant example of this. 

Here then may be found the material with which to 
build the strong fortress of collective effort by the true 
conciliation of capital and labour, between whom they 
may act as mediators, as the cement of unity. 

he time, as Mr. Cox shows, is propitious. Men 
who have fought shoulder to shoulder in the trenches, 
men who have sacrificed many of their cherished trade 
rivileges in the workshop for the sake df the ideals 
or which we are fighting, are surely in the mood to listen 
to the voices of conciliation and propitiation, to make 
our national position stronger in peace, when it comes, 
than it was before it was broken. To prove my point I 





must hark back to the conditions in industrial develop- 


ment existing a generation or two before the outbreak 
of this war. 








Within my own recollection, the relations between 
master and man were personal and patriarchal. The 
master had been trained at the same bench, forge and 
moulding-floor as his hands. When he succeeded to his 
father’s place in the business, he was intimately ac- 

uainted with the domestic conditions as well as the 

rsonal skill of his employees, and knew not only the 
air time to allow for the completion of a job, but the 
deficiencies of the particular workshop in which he was 
brought up. If he was a wise man, did his best to 
ameliorate the conditions of his workmen, at any rate 
during their working hours. He improved the lighting, 
heating, cleanliness and sanitation of his shops, as well 
as the labour-saving efficiency of his plant. These 
improvements did not prevent strikes, but they took 
off the edge of bitterness from the utes, 

The growing political power of the trade unions 
compelled the ters to combine in their turn, to form 
defensive associations ; the growing intensity of compe- 
tition forced the smaller firms to amalgamate with larger 
ones; the patriarchal traditions of the old school were 
forgotten in these huge combinations of capital, and the 
leslouny and suspicion of the workman against his 
employer was deepened and embittered. Thus the 
domestic side of industrial development under pre-war 
conditions was giving every thoughtful citizen the keenest 
anxiety, especially those who were nsible for the 
technical efficiency and financial stability of their own 
trades. 

I now appeal to this latter class, the capitalist class, 
to come forward, forgetful of their old antagonism to 
trade unionism, and find a modus vivendi under which 
the first condition of industrial development—viz., 
industrial e—can be secured. 

I offer the following suggestion to begin with—viz., to 
put their general and technical intellectual acquire- 
ments at the disposal of the trade union of their particular 
trade, to assist them in forming a board of examiners 
who would test the fitness of the apprentices to skilled 
occupations by periodical examinations in their practical 
and theoretical progress. To acquire, further, a statutory 
right for such boards to issue certificates for various 
degrees of efficiency, such as journeyman, leading hand, 
foreman, draughtsman, leading draughtsman, and works 
manager, on similar lines as the Board of Trade examina- 
tions for merchant seamen. 

The trade-union officials would form at least half of 
such examining boards, and by their practical experience 
would devise the scale of practical tests. The repre- 
sentatives of the employers would undertake the scientific 
and higher technical tests, and in the engineering trade 
I submit that the Institutions of Civil and Mechanical 
Engineers could provide from their members the best 

ualified examiners, who have themselves been through 
the tests devised by those Institutions. I venture to 
think this would be a big step in developing the efficiency 
of the trades concerned, and the degrees so granted 
should carry with them in their own trade the same 
weight as a university degree does in the learned 
professions. 

I should further hope that such an alliance between 
the employers and the trade unions, for the benefit of 
the ree ea de efficiency of their particular trade, would 
ultimately lead to the establishment of industrial peace 
by merging employers’ associations with trade unions 
on a basis similar to that of the old Guilds. 

From my experience of the conferences held between 
these two bodies in the engineering trade, I am sure that 
my suggestion is a practicable one, and would go far to 
obliterate those class suspicions which Mr. Cox so rightly 
deplores. 

© get out of the old, bad groove it must be upon 
the generation now entering manhood that we must try 
this experiment. The trade -union officials, whose 
purview has been enlarged by the tremendous inter- 
national conflict now going on, and the employers, who 
have had to sacrifice so large a share of their profits to 
the State in its peril, are in a fit moral state to make the 
amende honorable to one another, and coalesce for the 
benefit of the State in the trying time that we may 
expect upon the conclusion of peace. This is a reform 
which requires immediate attention. But there are 
others of a more constructive nature than this read- 
justment of domestic trade conditions, which I desire 
to indicate from the broader outlook of national pros- 
perity, and which are at the same time bound up with 
the commerce upon which we live. 

This is a subject which I trust you will permit my 
dealing with further in a later issue. 

Yours truly, 
VENATOR. 








LABOUR EXCHANGES AND TECHNICAL 
STAFF APPOINTMENTS. 
To tHe Eprror or ENGINEERING. 

Str,——We should be pleased if you would insert this 
letter, which is written in full support of the opinion 
expressed in the letter from ‘“‘ Two Interested Engineers ’’ 
upon the above subject. 

From che point of view of both advertisers and appli- 
cants, the situation is intolerable, for apart from the fact 
that the =n 9 of a Board of Trade Labour Exchange 
is not qualified to judge the suitability of an applicant 
for any engineeri appointment, we know for an 
undoubted fact that the majority of qualified men 
hesitate to reply to these advertisements, from a dis- 
inclination to having their past experience and career 
laid bare to the petty officials of the local Labour Ex- 
change, with the minimum chance of success, as a result 
of their application. 

A further point to be considered is that where an ap- 
plicant is already engaged in a controlled establishment 





only partially on war work, even if his application were 








not turned down by the labour exchange, as s d 
by your correspondents, he is usually requested to forward 
a certificate from his employers, stating that they would 
release him, before his application will be considered. 
For obyious reasons this cannot be obtained, with the 
result that in these circumstances one is precluded from 
applying for an appointment pa more suitable for 
the abilities of the applicant than the ition he holds. 

The net result of this method of advertising is that 
the field of applicants is very much reduced, and we 
thoroughly concur with your correspondents in their 
statement that the country does not benefit, as was 
presumably intended by the Government. 

Yours faithfully, 
Tue Tecunicat Starr or A LARGE ENGINEERING 


Works. 
May 22, 1916. 
To tHE Eprror or ENGINEERING. 

Sir,—Whilst heartily endorsing the opinions of the 
correspondents who have written you as to the disad- 
van , from the employer’s point of view, of filling 
technical staff appointments through labour exchanges, 
may I draw attention to another side of the question ? 
That is, that by attempting to fill these places through 
the labour exchanges, employers are depriving them- 
selves of the applications of many of the t and most 
likely le, Ji. will not register at a labour exchange, 
and submit themselves to be examined as to their fitness 
for any particular post by (often) a very “superior” 
young man, who knows nothing whatever about engi 
neering or the qualities necessary to the adequate 
discharge of the duties of an engineer or a draughtsman. 

The same remark applies also to the commercial 
staff appointments. 





Yours truly, 
F. 


Manchester, May 22, 1916. T.H 





To THE EpiTor or ENGINEERING. 

Sir,—Being also “interested,” I full gr 
the letters referring to this subject in the last two 
issues of ENGINEERING. My interest and experience 
come from the foundry side of engineering and the 
appointment of managers and foremen to such depart- 
ments. 

How it is possible for a labour exchange manager to 
be the determining factor in any application for such a 
position is beyond comprehension. Another point-: how 
can any card system, or any number of cards of particulars, 
convey the matter concerned compared with a letter ? 
I will relate two of my experiences with the exchanges. 
I applied for a post through your paper c/o Labour 
Exchange. My letter was held up for inquiry, ause 
I had given the name of an engineering firm of high 
repute, for whom the foundry I was employed with made 
the castings, the engineering firm cited having no foundry, 
yet, though a local concern, this was not known to the 
exchange officials. 

On a more recent application I required to verify the 
number of the advertisement, and went to the exchange 
for that purpose. In doing so I gained the information 
where the job was, but was informed I must not write 
the firm direct. With this I complied. About five 
weeks later I received the official communication that | 
had not been successful, and with this my letter of appli- 
cation was enclosed. This seemed to me very strange. 

In the meantime an advertisement, similarly worded, 
appeared in another journal, replies to be directed to 
Box—. As much out of curiosity as anything else, I wrote 
exactly a similar letter. A fortnight after receiving my 
letter from the exchange I had a reply from this last 
advertisement, and, strange to say, am the very firm 
quoted by the exchange clerk. have since had an 
interview and am at present awaiting areply. This may 
be a coincidence, but it shakes one’s faith in any letter 

oing through such channels having the best results. 
hat do interested employers think about such matters? 

Thanking you in anticipation of your inserting this 
letter and also the previously “‘ Interested ”’ for opening 
the ball. 

Yours respectfully, 
INTERESTED FOUNDRYMAN. 





“THEORY AND PRACTICE IN THE 
FILTRATION OF WATER.” 
To THE Eprror or ENGINEERING. 

Srr,—Our attention has been called to a paper by 
Mr. Walter Clemence published in your journal, and to 
correspondence respecting the same, and we shall be 
greatly obliged if you will permit us to correct some 
errors which we think are calculated to mislead such of 
your readers as do not make a special study of water 
purification. 2 

The term “ rapid filtration,’ as used in connection 
with water purification, is now generally understood to 
mean the triple process of coagulation, sedimentation 
and filtration ; oun rapid filtration without coagulants 1s 
usually termed “ roughing filtration.” Mr. Clemence 
uses these terms indiscriminately in a misleading manner. 

In his opening remarks he states it is obvious that if 
purification is imperfect in a slow sand filter when exceed- 
ing @ certain speed, it must be more so in a rapid filter. 
It is difficult to believe that this statement is merely 
intended to assure a body of engineers that roughing 
filters are more imperfect than slow sand filters, but it }s 
even more difficult to believe that it is intended to imply 
that rapid filters, as the term is usually unders' ’ 
cannot safely be operated at greater than slow 
sand filters. Nor is it correct, as stated later, that litcle 
or no reduction of bacteria is effected by rapid filters 
used as roughing filters. It is true that the results of 
roughing filters are unreliable, and show a wide range of 
variation; but there are plants in use removing an 
average of over 80 per cent. of bacteria. ; 

There are in the United States alone rapid filters 
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having a daily capacity of over 1,770,000,000 gallons, | Water,” dwells at great length on the virtues of multiple | heat of fusion of a metal can be calculated with fair 
which supply over 40 per cent. of the population, whereas | filtration, and adversely criticises every other system, he | accuracy by the formula :— 

slow sand filters policed only 16 per cent. ; it is therefore | must not become unduly heated if his challenge is taken NRT> 2 

difficult to understand what Mr. Clemence means by/ up, nor resent the adoption of the same medium of AL=ec x g=y 

stating that “it is rare to find high-speed filtration publicity. Piatow’ ee : 

relied upon as a single line of defence against water- Replying to the points in my communication which he Here A denotes the atomic wei ht, L the latent heat, 
borne diseases.” The remark is the more inexplicable | has chosen for “correction in important particulars | and c the ratio of the number o oscillators in question 
as even if ignorant of work in America, we think he cannot | It is immaterial to the point at issue whether the fine silt to the number of atoms. Thus the number of oscillators 
fail to be aware that we have constructed in Egypt | referred to came direct from the Ganges or from a canal | j, ] gramme molecule is Ne, where N is Avogadro's 
alone a number of plants having a daily capacity of over connected with that source. j : constant. It is found that to the factor ¢ must be 
32,000,000 gallons, which are being solely relied upon for | In replying to the discussion, Mr. Clemence said : assigned a value which is either unity or a simple fraction. 
the treatment of the badly polluted Nile water. It is “ With regard to the tables of tota! solids at Cawnpore, | The f. uency at the temperature of the melting-point 
also remarkable that altho . India we have plants | it would be better, rhaps, if I used the words “ silt by | is calculated by means at the formula of Lindemann. 
treating municipal supplies having a daily capacity of | weight test.’”” What ustification then has he for | The application of Debye’s theory is also discusstd. 
over 12,000,000 gallons, Mr. Clemence selected for criti- | objecting to my reading these tables in the sense in which Discussion.—Dr. R. 8. Willows agreed with Dr. Allen 
cism a small filter of under 300,000 gallons capacity, he clearly intended they should be read—viz., that the | that the quantum theory was still in a very speculative 
treating a sewage-polluted spring water. To those total solids given represent “ silt by weight ”’ ? ; state. He referred to the statement in si. that “ The 
familiar with water purification problems the selection Filtration which only results in the increase in the energy supplied to melt the solid may be identified with 
is particularly eloquent, especially as there are numerous | “ total solids” or “silt by weight ” (Mr. Clemence would | the work that must be done to break the bonds which 
rapid filter plants throughout the world in which daily like us to regard these terms as Synonymous) in what he impart to the solid its crystalline structure.” ‘This 
records are kept, and about which information could no | describes as “‘ one of the purest river waters in the world”’ seemed to rule out of consideration the case of amorphous 
doubt have been obtained had Mr. Clemence been serves no useful purpose. : solids. It is supposed that some of the alterations 
desirous of im rtially stating the facts. It would be A 99.9 percentage reduction (no matter how obtained ) produced in a metal by treatment, such as rolling, are due 
idle to deny that imperfections occur in all systems of of a grossly polluted water might still leave a lar, to some of the lecules b ing amorphous. Could 
water purification, slow sand beds, rapid filters, and even | number of dangerous germs in the filtrate. Rapid | the theory be extended to deal with the change from the 
multiple filters. We are informed that at one time filtration and sterilisation has proved so far to be the crystalline to amorphous states ? 

serious trouble was experienced with the multiple filters | most effective method < 7 








u iter , of dealing with such waters in Dr. Allen thought the change from crystalline to amor- 
at Magdeburg, and also with those in India, and it is | India and elsewhere. phous conditions was the same as from erystal to liquid. 
well known that those in Derbyshire do not remove the I am, yours truly, Professor Boys: Would not that imply that there was 
colouring matter, and that subsequent treatment is M. PaTeRson. no latent heat in amorphous material ? 
thought desirable. India House, Kingsway, May 23, 1916. 


p . Dr. Allen agreed that that would be implied. 

We mention this, not because we wish to infer that , A paper entitled “ Lenses for Light Distribution” was 
multiple infiltration, or even these plants, are therefore s read S Mr. T. Smith. 
unsatisfactory, but as a reason why in a paper reputing§ SOME EXPERIMENTS IN LUBRICATION. The principle on which lenses for securing a required 
to give an impartial survey of the subject, delivered to To THe Eprror or ENGINEERING. distribution of light from a given source have been 
engineers for their information, the conclusions in favour, S1r,—I subjoin a short account of some experiments | designed is illustrated by a two-dimensional example. 
of multiple filtration would have been more convincing 


, C ( I lately made on bearing lubrication. As everyone to | The principle employed is to divide the incident and emer. 
had the author displayed more modesty in his claims, whom I have mentioned the matter thought the idea i 
and exhibited less bias in dealing with other methods. 


gent energy into a number of equal parts, and compute 
both new and interesting, I hope that you may see fit | the lens system so that the rays which separate off these 
Public health statistics are the best evidence as to to publish it in the hope of its being useful to engineers. portions of incident light from one another are refracted 
the reliability of different systems of purification, and he theory of a properly lubricated plain bearing | as rays which separate the corresponding portions of the 
although there is naturally a larger volume of evidence requires a continuous film of oil between the moving parts. | emergent light. The surfaces obtained are in general of 
in favour of the much older slow sand filters, there is an | If there is no metallic connection between the shaft and varying curvature, and the lenses must therefore be 
ever-growing volume to show that rapid filters are bearing, it should be a simple matter to detect the oil moulded. It is shown how the effect of the finite size 
equally or even more efficient, and in at least one im- film by the resistance it offers to an electric current. A | of the light source may be determined. 
portant town, where slow sand filters have been replaced few experiments along this line seem to indicate that a Discussion.—Mr. R. 8. Whi ple asked how the results 
by rapid filters, there has been a marked improvement measurement of the resistance Offered by the oil film | obtained with lamps desi aad on the lines discussed in 
in the public health. is a delicate index of the lubrication of the bearing. | the pe r compared with those previously em ployed, 
After the public health records, evidence as to relia- They are here described in the hope that they may lead | whic had been evolved, he presumed, simply by the 
bility in removing bacteria is most important, and here to further study of the subject. survival of the fittest. Were lenses of this type used 
again there is a mass of evidence to show that rapid A milammeter and resistance box were connected | as first cast or were the surfaces finally worked ? 
filters are equally as reliable as slow sand filters. through the bearing to a dry battery. The resistance Mr. Smith stated in reply that the lamps reviously 
Apart from these practical results, there is a mass of was adjusted to give full deflection of the instrument | in use gave very unsatisfactory results. Their per- 
evidence derived from elaborate experimental investiga- when the bearing was short-circuited. Any resistance of | formances varied greatly among themselves, and there 
tions that have been made both in America, Alexandria, the oil would cause a less deflection, and the unknown | did not appear to be any principle underlying their 
Berlin, and elsewhere, which have been published for resistance could then be roughly measured by substitut- design. In many cases the lenses were not even sym- 
the benefit of engineers, and it is therefore difficult to ing a known resistance from the box till the same reading metrically made, and the number of dioptric elements 
understand why Mr. Clemence has chosen to ignore these was obtained with the bearing cut out. employed depended entirely on the whim of the maker. 
data. The first experiment was with two flat surfaces | Some of these lenses had been ground, but he was not 
We should like to refer to Mr. Clemence’s doctrine of separated by an oil film. A circular brass disc, 2 in, aware that they had been used except by the Admiralty. 
purification by nitrification. A very eminent chemist, in diameter, was rubbed over a polished cast-iron plate. |The new lenses, on the other hand, were giving very 
in dealing with this subject, asked ‘“ What possible With a fairly heavy oil the resistance as shown by the | satisfactory results, despite the fact that some manu- 
sanitary significance is the mere organic matter, whether | deflection of the meter varied with the pressure applied | facturers had not yet quite realised the ideal conditions. 
animal or vegetable, in the absence of specific germs of from 0 to 100 or more ohms. The instant at which the | The lenses were moulded and then, in some cases, glazed 
disease ?”” Eliminating the esthetic phase, and the film was broken could, of course, be detected by the | by what he believed was @ secret process, 
possible effect of imagination on the human organism, increased friction, and showed at once on the ammeter.) “A paper entitled “ The Choice of Glass for Cemented 
Thin oil decreased the resistance of the film, as was to | Objectives”’ was read by Mr. T. Smith. The strict 
be expected. Sudden changes in the resistance took | fulfilment of the mathematical conditions for freedom 
| place when the plates were left untouched. If left in fromr colour, spherical aberration and coma, for objects 
| contact, thin sperm oil separated them after a few at varying distances from a thin cemented doublet lens, 
minutes, and reformed a continuous film. At times the | necessarily demands a change in the kinds of glass as the 
, film was very sensitive to slight vibrations, and even position of the object is changed. The paper describes 
sounds changed the resistance. a method by which the proper glasses can be determined 
Another experiment was made on the bearings of an | by using a glass chart on translucent paper, in conjunc- 
i tion with diagrams calculated for the purpose, as a slide- 








it actually has very little sanitary significance, as he 
proceeded to show later in dealing with this subject. 
The quantity of dissolved organic matter in most potable 
waters is infinitesimal, and although prior to the dis- 
covery of bacteria its presence was thought to be of 
considerable significance, it would be interesting to hear 
in what manner it is now thought to be injurious. In 
many important slow sand filters it is impossible to find 


any evidence of nitrification : in all the effect is a mere ordina grinder. The bearings were 2 in. long, with a 


trace. As, however, it is well’ known that all filter j-in. shaft turning about 1500 rpm. The circuit | rule. With most glasses the solution to the problem is 
plants effect a reduction of what may be termed dissolved between the shaft and base put the two bearings in imaginary, and formule are given for calculating the 
organic matter, it would be of academic interest, although parallel. When at rest there was no continuous oil film, boundary separating real and imaginary solutions by 
of no practical value, if Mr. Clemence could give figures and no resistance. On starting the resistance was solving a quadratic equation. In practice it is found 
showing the increase in nitrates YP aby filtration. variable, but at full speed there was a fairly uniform | that the 

We regret to notice a revival of the foolish claim that resistance of about 30 ohms for the two bearings in | another. Notwithstanding this, a numerical example 
slow sand filtration is a natural process, and rapid filtra- rallel. This resistance was lowered by increasing the | shows that there will be a perceptible difference in. the 
tion an artificial one. It is true that in many respects [oad on the bearings, but never reached zero. definition obtained if in place of the theoretically neces- 
slow sand filtration is dependent on natural conditions Many other tests were made, with the expected result sary type a kind of glass is substituted which does not 
beyond the engineer’s control, but this is not, we pre- that well - lubricated bearings always showed a con- | differ greatly from the other, and lies on a curve giving 
sume, what Mr. Clemence means. Perhaps it is intended | siderable electrical resistance, varying with the oil used, perfect correction for another real magnification. It 
to infer that multiple filters are a natural phenomenon. | the speed of the shaft, and the condition of the wearing , is further shown that when no real solution is forthcoming 
The statement that the efficiency of slow sand filters is surface. Bearings under excessive load, badly fitting | for a double lens a real solution will in practice be obtained 
due to the presence of nitrifying bacteria, and that the boxes, or deficient oil, showed a short-circuit, and heated by adopting a triple objective made of the same glasses. 
alge and plankton are detrimental, is, we think, a after a longer or shorter run. The resistance test proved 
gratuitous assumption entirely unsupported by the to be much more delicate than the usual test of heating, 
observed facts. perhaps too delicate for some purposes. It may, how- , k st 

Finally, we are of opinion that the value of Mr. ever, be useful in experimental work, and in connection |. Messrs. Burmeister AND Watn.- ~The het 1915 


curves for all real images lie very close to one 





Clemence’s paper would have been greatly enhanced if with high-speed machinery. , has, on the whole, been very favourable r Danish 
e had given complete chemical and bacteriological data I am, yours, shipbuilding and engineering, and in several Instances 
for the several filters, from which engineers could have 


ALFRED V. pe Forest. | has far outdistanced the results of previous yonse, ame 
deme, thir oun ne wt Sheet awoute probably Hartsdale, N.Y., U.S.A., April 23, 1916. Burmeister and by ay oe ven auinenein ne 
have shown whether or not this system is more reliable Compeny — hich “> Thi her eee . thei “he 
than attempts made years ago to obtain nitrification by | Reocoding year, which had hitherto n their best. 
intermittent filtration. 





" “ : he report states that the demand for la motor vessels, 
Yours faithfully THE PHYSICAL SOCIETY OF LONDON. which candied 1914, has continued yf 1915. The 
For Jewz11 Export Finrer Company At the meeting of the Physical Society of London, held experience gained has made it possible for the firm to 
Joun Brett. y on May 12, 1916, at the Imperial College of Science, | take up the building of still larger motor vessels than 
8, Lendal, York, May 22, 1916. Professor C. V. Boys, F.R.S., President, in the chair, a 


those so far delivered. During the last year five motor 

paper entitled ‘The Latent Heats of Fusion of Metals | vessels have been delivered, one to the Nordstjernan 
and the Quantum Theory” was read by Dr. H. 8. Allen, | Company, Stockholm, and four to the East iatic 
The latent heat of fusion is identified with the energy | Company, Cope en; 4 cargo steamer has been 
To tae Eviror or ENGINcERING. ry to counterbalance that of a certain number of | delive. to the United Steamshi Company. The 
Sir,—Had Mr. Clemence entitled his paper ‘ The | “ oscillators”’ concerned in holding together the erystal. | rofits are rather more than 4,000,000 kr. (223,000/.). 
Puech Chabal System of Multiple Filtration,” and_ line structure. Assuming that the energy of an oscil- e shareholders obtain 10 per cent., which absorbs 
confined his remarks to the experience gained in super- | lator having a vibration frequency » is :— 1,000,000 kr. ; 1,450,000 kr. are added to the reserve 
intending their installation, the occasion for my letter | . and renewal fund, which now exceeds 4,000,000 kr. ; 
published in your issue of the 12th inst.would never have | RT x ~ Yr’ 450,000 kr. are added to the “ fund at disposal,” which 
ati now amounts to 1,000,000 kr.; 419,000 kr. are paid in 

R T, it is found that the atomic tantieme ; 457,000 Kr. are reserved for war taxes, &c. 








arisen ; but when he, while ostensibly taking an impartial 
survey of “Theory and Practice in the Filtration of | where z stands for h py 
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A NEW HIGH-SPEED TOOL-STEEL. 


Messrs. Darwin and Mityer, Limited, of Sheffield, have 
been experimenting for some months on high-speed tool- 
steels, their principal object being to find a tool-steel 
which will be equal to any yay sar tool-steels at 
present on the market, but which can be produced easily 
and without the use of alloys subjected to a limited 
supply, such as tungsten and molybdenum. The firm 
have now produced an alloy which contains neither 
tungsten, molybdenum, nor cobalt, which they claim 
gives excellent high-speed tool-cutting quality. They 
gave a demonstration at their works last week, and we 
were permitted to see the new tool-steel cast, the tools 
ground up and then actually put to work, machining in 
the firm’s experimental lathe a high tensile steel. ‘The 
casting of the bars was witnessed, and the steel, which 
is melted in an ordinary crucible furnace capable of 
yielding high temperatures, is run into either metal or 
sand moulds and cast to the form desired. When cool, 
and without any forging or heat treatment, the tools 
produced are p Ae on an emery-wheel (dry) and 
finished on a wet gritstone. They are then ready for 
immediate use. From this it will be seen there are no 
complicated forging and heat-treatment processes to go 
through, and as the tools obtained possess the correct 
hardness, a number of skilled operations are eliminated. 

The tools which we saw cast were 1} in. square, but 
other sizes were exhibited, and some of them were seen 
in operation. The firm state that they are prepared to 
cast bars of any shape which are at present in use up to 
4 in. square. The firm have tested the new alloy steel 
for cutting properties on high tensile steels, commercial 
steels, cast iron, and phosphor-bronze, and claim that it 
is equal in cutting properties to any high-speed tool- 
steel on the market, but they have not yet carried out 
any exhaustive endurance trials, nor have they arranged 
for any independent trials, and therefore the behaviour 
of the steel in bulk supply is to some extent unknown. 
The following trials run on some tools made by the firm 
will indicate the results which may be expected. The 
test-piece on which the tools were operating was a 
chrome-nickel forging of the following composition :— 
Carbon, 0.32 per cent. ; silicon, 0.07 per cent.; manga- 
nese, 0.59 per cent.; chromium, 1.26 per cent.; and 
nickel, 3.28 per cent. 

The following endurance tests were made :—(a) 1}-in. 
new alloy high-speed tool when used as a turning tool on 
the above forging at a surface speed of 120 ft. per 
minute; depth of cut, yy in.; and feed, J, in.; ran for 
7 minutes before it broke down. A tool made from a 
well-known brand of high-speed tool-steel lasted, under 
the same conditions, for about 24 minutes. (b) A }-in. 

uare new alloy high-speed tool was run for some time 
with a feed of yy in. and a surface speed of 55 ft. per 
minute; the speed was increased to 112 ft. per minute, 
and later on to 120 ft. per minute. The tool stood this 
test satisfactorily, and was good for further service. 
(c) The new alloy tool used in test (2) was ground up on 
the Gisholt grinder (dry), finished off on a wet gritstone, 
and then without any heat or other treatment used in the 
lathe on turning the test forging with good results. 
The firm stated that they would be putting the new 
alloy steel on the market in a few weeks, and that they 
quite expected that the price would compare favourably 
with that of any high-speed tool-steel. 





RUSSIAN PARLIAMENTARIANS AND 
BRITISH MUNITION WORKS. 

Tue following translation of a speech delivered by 
Dr, Shingarev, member of the Russian Duma and 
President of the National Defence Committee, at a 
luncheon at Messrs. Vickers’, Sheffield, is issued from 
the Press Bureau ; “ We are concluding to-day our visit 
to the works which are manufacturing war material. 
We saw the powerful navy of Great Britain, her gallant 
land troops; we saw a few shipyards where with 
wonderful rapidity new naval forces are growing up, 
and we visited numerous places where guns, » Bs 
rifles and powder are made. We have been profoundly 
impressed by the tens of thousands of your workpeople— 
male and female—who are working incessantly at the 
consolidating of the military might of your country. 
Delighted with everything we saw, reassured by the 
vapid and uninterrupted expansion of the Be om 
industry of England and Scotland, we, on concluding 
our inspection, send our most lively gratitude to all the 
workers, the entire administration of the works, and the 
employees, for all they have so courteously shown us, 
for all they are doing + Aim for the common cause of the 
Allies’ victory. We saw works employed at full s 
in turning out thousands of shells in a day, works which 
have arisen in places where only a few months ago there 
were no traces of any buildings. We saw new works 
arising with fabulous rapidity on waste lands and in 
fields. _We know we are firmly convinced of the 
inevitability of the defeat of our common enemy— 
Germany. Germany has already attained the highest 
point of her military strength after having prepared for 
a war during decades and she has not won yet. England, 





who, just as Russia, was not prepared for the war, has 
made during the war enormous efforts. We are still 
increasing our military forces, their growth is proceed- 
ing uninterruptedly and our endeavours will be crowned 
with victory. ... We also know that a durable peace 
can only ensue after a decisive victory, and we are sure 
that now when the old misunderstandings between 
England and Russia have been forgotten for ever, when 
a new alliance has been sealed on the battle fields in a 
common fight, the peaceful and friendly co-operation of 
England and Russia will become still stronger and more 
intimate after the war. A cultural approximation 
between England and Russia is not only indispensable 
and useful to both, but it is also very possible and easily 
attainable.” : 
Prince A. Lobanoff Rostovsky, Member of the Council 
of Empire, said :—‘ My colleagues of the Empire and of 
the Council of the Empire ask me on their behalf to 
express to you their admiration for the enormous pro- 
ress made by your works in the cause of the national 
efence. We have had the great satisfaction to see that 
our production in matters of war material has doubled 
itself in certain branches, and in others increased even 
more, and both ina very short time. Your old-established 
works have become most important, and, as if by 
enchantment, new ones have sprung up in a few months, 
to meet the great requirements of the war. And, again, 
you have not yet said the last word, for the future of 
your industrial flight opens to you the widest horizon. 
Our enchanted eyes have seen during a few days an 
interminable and continuous series of gun-shops, &c., 
scarcely a year old. These are marvellous successes— 
our common cause owes them toa prompt and intelligent 
mobilisation of English capital, and also, which is more 
essential, the patriotic elan of your brave workers of 
both sexes. We beg you to believe, and to inform your 
men and women workers, that their Russian comrades 
are animated with the same patriotic sentiments, and are 
equally determined to spare nothing in their efforts to 
sustain the struggle of our Allied armies, and to co- 
operate in this way sto a final victory over the enemy. 
We beg your workers of both sexes to receive the 
brotherly salutation of the Russian men and women 
workers. We are pleased to learn that among your 
workmen a Russian worker is to be found who for 
several years has benefited by your kind treatment.” 





BERLIN TO ConsTANTINOPLE.—The Bureau of Railway 
News and Statistics report that the Constantinople line 
was open for through traffic on January 15, 1916, there 
being two trains each way per week, the distance of 
1521 miles being covered in 60 hours. From Vienna 
to Constantinople occupies 48 hours, sleeping berths 
being charged at 16 marks per night. 





Tue Worvp’s Coar.—The production of coal in the prin- 
cipal countries of the world in 1913, the last year precedi 
the outbreak of the great war, was as follows United 
States, 508,893,000 tons; Great Britain, 287,430,000 
tons; Germany, 191,511,000 tons; France, 40,129,000 
tons; Russia, 33,335,000 tons; Belgium, 22,858,000 
tons; Austria and Hungary, 16,337,000 tons; Spain, 
3,783,000 tons; Italy, 701,000 tons; and Sweden, 
364,000 tons. The three great coal countries—the United 
States, Great Britain, and Germany—have naturally 
in these days of steam a virtual monopoly of the power 
of the world. One striking feature of our enumeration 
is the very long lead which the United States have now 
taken in the matter of coal production. Germany is 
a rather indifferent third. The coal poverty of Italy is a 
great drawback to her, as she has to purchase practically 
the whole of the coal which she requires for the develop- 
ment of her national life. The coal outputs of France and 
Russia are increasing, but they are still small. 





Sm James A. Ewtna ApporinrepD PRINCIPAL OF 
Eprvsures Untiverstry.—The Curators of Patronage 
of the University of Edinburgh at their meeting on 
Monday, under the chairmanship of Lord Provost 
Sir Robert K. Inches, appoin Sir James Alfred 
Ewing, K.C.B., Director of Naval Education since 1903, 
to be Principal of the University, in succession to the 
late Sir William Turner, K.C.B. The new principal, 
who is expected to take up his residence in Edinburgh 
in October, is a Scotsman. He was born in Dundee 
in March, 1855, the third son of the late Rev. James 
Ewing. After passing through the High School of his 
native town, he attended Edinburgh University and took 
his degree in Art3. At the age of 23 he was appointed 
Professor of Mechanical Engineering in the Tenpesial 
University of Tokio, Ji » and remained there for 
five years, when he was called to the Chair of Engineering 
in University College, Dundee. From Dundee he 
migrated to Cambridge, in 1890, to occupy the Chair of 
Mechanism and Applied Mechanics in the University 
until 1903, when the position of Director of Naval 
Education was given to him. In 1904 he was Rede 
Lecturer at Cambridge, while he was a member of the 
Explosives Committee from 1903 to 1906, and from then 


till 1908 a member of the Ordnance Research Board | p' 


His research work in magnetism was recognised in 1895, 
when he was awarded the Royal Medal; while his other 
honours include C.B., bestowed in 1907, and K.C.B. 
four years later; LL.D. of Edinburgh and St. Andrews, 
Hon. D.Sc. of Durham, and Hon. Fellow of King’s 
College, Cambridge. 





THE ROYAL METEOROLOGICAL SOCIETY. 


Tue usual monthly meeting of this society was held on 
Wednesday, the 17th inst., at 70, Victoria-street, West- 
minster, Major H. G. Lyons, D.Sc., F.R.S8., President, 
in the chair. Mr. L. C. W. Bonacina read a paper 
entitled “‘On the Readjustment of Pressure Differences : 
Two Species of A ic Circulation and ir Con- 
nection.” He attempted to demonstrate a dynamical 
connection between two essentially distinct types of 
atmospheric circulation, familiarly exemplified in cyclonic 
— on the one hand, and in thunderstorms on the 
other. 

Each type of action has its birth in an initial disturbance 
in the pressure distribution, or, in other words, in a 
slight variation of density. If this initial area of dis- 
turbance can command the n air-currents, the 
result is the development of horizontal gradient-winds 
around a cyclonic minimum of pressure, the original 
difference of pressure becoming greatly exaggera by 
the action of the wind itself; but if the initial area of 
disturbance cannot thus divert surrounding air-currents 
towards it on t of the exig of the existing 
circulation, the air in it becomes unsuitable or “ strained,” 
and is in a ition to be suddenly forced upwards by 
the smvibenting slightly denser air in a succession of 
vertical commotions disposed along one or more axes. 
Such vertical commotion represents the species of circu- 
lation familiar to us in thunderstorms and line-squalls, 
and in this manner it may be said that the conditions 
which give rise to thunderstorm action are limited by 
those which occasion cyclonic circulation. The prin- 
ciples enunciated further explain why it is that in England 
cyclonic storms, characterised as they are by a wide and 
diffuse distribution of wind energy, are most frequent 
and violent around the winter solstice November to 
February, and that thunderstorms, marked by local 
patches of concentrated electrical energy, occur mainly 
round the summer solstice May to August. 








Hazarps In Hanpiine Gasortne.—According to a 
tabulation by the Fire Prevention Bureau of New York, 
1040 persons were burned to death in the United States 
during the year 1913 and 3120 persons injured on account 
of gasoline fires. That would make gasoline responsible 
for 20 cases of death and 60 cases of inj per week. 
The damage due to transportation of ine on rail- 
roads alone increased from 31,000 dliens in 1912 to 
118,000 dollars in 1913. The former figures may not be 
quite reliable ; but the dangers were sufficiently serious 
to make the Bureau of Standards issue a Technical Paper 
(No. 127) on “Hazards in Handling Gasoline’; the 
paper is drawn up by Mr. G. A. Burrell. The chief 
danger, of course, arises from want of caution. Every- 
body knows that a spark from a leather belt may ignite 
gasoline, and that a motor-car which is smeared with 

asoline by means of a brush for removing may 

enveloped in fire by any spark or open light. But 
sparks are rare, and the danger is disregarded. At 
63.5 deg F. air may contain from 5 to 28 per cent. of 
gasoline vapours of different grades. Gasoline-air 
mixtures are heavier than air and are strictly explosive 
only within the limits 1.4 and 6 per cent. of gasoline. 
But both poorer and richer gasoline mixtures will give 
dangerous flashes capable of travelling back a long 
way, and a man using gasoline for cleaning will soon 
be surrounded by an explosive atmosphere. 





German STEEL Prices.—At the meeting of the 
members of the German Steel Union, held on May 4, it 
was decided to raise the prices for half-finished products 
20 marks per ton, and for section steel also 20 marks 
per ton. This last rise makes the price for section 
steel 160 marks, delivered Diedenhofen, or equal. The 
new quotations for half-finished products are: 
ingots, 1274 marks; billets, 132} marks; bundles, 
142} marks; and plates, 147} marks per ton. The 
above rise in the quotations for the products of the 
Steel Union, excepting railway material, for which the 
Union does not fix any general prices on account of 
the long-period contracts with the principal buyers, is 
the most important which has taken place since the war 
commenced. No similar rise of 20 marks per ton has 
even been known to take place in times of peace. The 
following table shows the rises in the quotations of 
the Steel Union, decided upon during the war, as far 
as half-finished products and section steel are con- 
cerned :— 


Ingots. Billets. Bundles. Plates. — 
Marks Marks Marks Marks Marks 
r er r r cH 
on. on, on. on. on. 
At beginning of war 82.50 87.50 95.00 97.50 110 
Third quarter, 1914 90.00 95.00 102.50 105.00 110 
Second %9 1915 97.50 102.50 110.00 112.60 120 
Third ” 1915 102.50 107.50 115.00 117.50 130 
Second __,, 1916 107.50 112.50 124.50 127.50 140 
Third 1916 127.50 132.50 142.50 147,50 160 


The last rise, states the report, is caused by the constant 
increase of the cost of manufacture, which has made it 
absolutely necessary to raise the quotations. In rail- 
way materials the Prussian State Railways have placed 
their final orders for 1916 for rails and sleepers, but 
these fall short of those of 1915. Some extensive sales 
at favourable prices have taken place to neutral countries, 
and negotiations are pending about further contracts. 
As section steel, the market continues about the 
same ; there is very little demand for ordi building 
, but a comparatively good demand for con- 
structive engineering works and wagon works. The 
foreign demand was larger in March than in February, 
and the orders continue to come in, as a further rise in 
prices is anticipated. The increased prices have given 
rise to dissatisfaction, for iron works have realised very 
good profits at the hitherto existing quotations. 
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SPUR-GEARING.* 
By Daniet Apamson, Member, of Hyde. 


Tue application of toothed wheels to the transmission 
of power is perhaps the most interesting in the whole 
ical , for the reason that nowhere 


range of 
else is to be found so cordial a co-operation between theory 
and practice. Papers upon the theory of the proper 
curves for the teeth of wheels have been presented to 
the various learned societies connected with engineering 
almost from the beginning of the work of each of them, 
while simultaneously the skill of the craftsman has kept 
pace with the development of the geometry of the su - 





preferred to the involute because of a prejudice against 
the latter as increasing the pressure on the bearings, 
but more recently it has been realised that the probable 
loss from this cause is really very small, for the reason 
that whereas the thrust between bearings varies as the 
tangent of the angle of obliquity, the pressure on the 
bearings increases only as the secant (Fig. 3 and American 
Machinist, 1907, vol. 30, page 805). 

The demand for more accurately cut gearing, to give 
quieter running and greater freedom from shock, has 
encouraged the development of machinery that will 
generate the shapes of the teeth on correct geometrical 
principles, from cutters of simple shape, that can be 
mechanically produced. This avoids the intermediate 





ject. What better example of well-directed 
skill can be conceived than the work of the — 
of, say, one hundred years ago, in dressing the teeth of 
iron wheels, or fitting new cogs to mortise-wheels ? 
Since that time we have had the invention of the wheel- 
moulding machine, a monument to the confidence of its 


Figt, 











CYCLOIDAL TEETH. 22 TOOTH PINION AND RACK. 
GENERATING CIRCLE DIAMETER = HALF DIAM? 
OF SMALLEST WHEEL IN SET «(2 TEETH. 


rc entailed in making “forming” cutters to out- 
lines drawn by hand in the first instance. The involute 
form is suitable for such generation, because a rack- 
shaped cutter, or its equivalent, a rotary hob-cutter, 
having straight-sided teeth, can be used, the only limi- 
tation being that such angles and proportions must be 


Fig.2. 


table showing the number of rotary cutters required 
|in a “set” for any given pitch of teeth, according to 
the limit of accuracy attainable in the shape of the 
finished cutter. A 12-tooth pinion and a rack to the 
proportions adopted by Willis (addendum about 0.3 of 
pitch, dedendum about 0.4) are shown in Fig. 5. 

About fifty years ago the Brown and 8 
facturing Company introduced their stan 
which were afterwards adopted generally and very 
extensively. Their shape is a modified form of involute, 
the angle of obliquity as 14} deg., length of tooth 
above pitch line = 0.3183 of pitch, and below = 0.3683 
of pitch. A 12-tooth pinion and rack to Brown and 
Sharpe’s proportions are illustrated in Fig. 6. 

In about the year 1886 Mr. Wilfred Lewis advised 
Messrs. William Sellers and Co., of Philadelphia, to 


Manu- 
cutters, 





cha from the cycloidal system to the involute, and 
an obliquity of 20 deg. was or that firm (Pro- 
ceedings, Rngincees’ Club of Philadelphia, vol. 18, 


\ February, 1901). In the annual report of the Engine 


INVOLUTE TEETH. ANGLE OF OBLIQUITY 144° 
33 TOOTH WHEEL AND RACK. 
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fig. 2. SHOWING THAT THE BEARING PRESSURE /S NOT SERIOUSLY INCREASED 


BY AN INCREASE IN THE ANGLE OF OBLIQUITY. 
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INVOLUTE TEETH. ANGLE OF OBLIQUITY 14° 
/2 TOOTH PINION AND RACK. 


( Showing Interference with straight sided Rack Teeth: ) 


CYCLOIDAL TEETH (WILLIS) 
42 TOOTH PINION AND RACK. 














Fig, 6, . MODIFIED INVOLUTE (BROWN & SHARPE) 
_-* 12 TOOTH PINION AND RACK. 
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originators, followed by gear-cutting machines, using 
“‘formers’’ or “‘ formed” cutters, up to the automatic 


gear-generating machines of the present day. 

Most of the problems of a generation ago have been so 
well thrashed out by now that to-day a designer need 
not give so much consideration to the questions of out- 
line or strength, and can devote himself to studying the 
materials that are likely to be most suitable for his 
requirements, choosing the proportions that will give 
the desired durability and providing for careful and 
accurate construction. 

Tooth Shapes and Proportions.—Two forms of tooth 
have been in general use for many years, the cycloidal 
curve, Fig. 1 (as described by a point on the circumfer- 
ence of a circle as it rolls along), and the involute curve, 
Fig. 2 (as made by a point in an imaginary cord unwound 
from a cylinder). hile the involute tooth is formed 
of one curve, the cycloidal shape, as will be seen from 
Fig. 1, comprises two curves. This double curve of 
the cycloidal tooth is difficult to reproduce, and if not 
accurately executed the gearing will not run well. 
Further, the exact working centres of the bearings must 
be strictly adhered to in order to obtain good results, 
and this is not always possible, whereas the involute 
shape is easier to originate, and there is a further advan- 
tage in that a departure from the correct distance of 
centres is not fatal to proper running. 

The cycloidal shape for the teeth was, however, at first 

,.* Paper read before the Institution of Mechanical 
Engineers, Friday, May 19, 1916. 
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chosen as to avoid “interference” or “ undercutting’ 
when a pinion of a small number of teeth is to be used. 

In the case of a 12-tooth pinion and rack of 14} deg. 
obliquity, Fig. 4 (addendum = 0.3183, dedendum = 
0.3683), the length of the tooth must be reduced, or the 
angle of obliquity increased, or a combination of these 
two variables adopted to avoid “ interference.’”” What- 
ever system is adopted, it is now universally recognised 
that all wheels and pinions. of a set of the same pitch 
must be interchangeable and work together properly as 

uired, as distinct from the older methods where each 
pair of wheels was specially made. When establishing 
such an interchangeable system of gearing, the first 
factor to be taken into consideration is the minimum 
number of teeth in the smallest pinion of the set. This 
has been variously taken as 12, 13, or 14. 

Professor Robert Willis (Proceedings, Institution of 
Civil Engineers, 1838, vol. 2) recommended for cycloidal 
teeth the use of a constant describing circle of a diameter 
equal to the radius of the smallest pinion of the set, thus 
ensuring satisfactory mutual working between all wheels 
of the same pitch. This is the method generally adopted 
to-day for cycloidal teeth and gives radial flanks to the 
teeth of the smallest pinion (Page’s Weekly, December 29, 
1911, page 1201). rofessor Willis seems to have been 
the first to suggest the use of circular arcs to approximate 
the cycloidal curves (which are difficult to draw in 
practice), and he developed his odontograph for this 
purpose. This was later superseded by Grant’s odonto- 

ph (Gartside’s paper, Manchester Association of 
Ragincon, January, 1913). Professor Willis also gave a 


and Boiler Insurance Company for 1887 Mr. MichaeP 
Longridge advocated shorter teeth. 

In 1893 and 1895 Mr. Archibald Sharp su ited 
circular ares for the outlines of wheel teeth, to avoid the 
difficulty of forming accurate cycloidal or involute 
curves. He considered that his method would give a 
smaller departure from correct a ar velocity ratio 
than would arise from the unavoidable errors of work- 
manship entailed in forming the more correct theoretical 
curves (Proceedings, Institution of Civil Engineers, 
vol. 113, 1892-3, and vol. 121, 1894-5). (See Fig. 7.) 

In 1899 the present author adopted for the teeth of 
spur-wheels on cranes an addendum of 0.25 pitch, with 
a dedendum of 0.32, retaining the Brown and Sharpe 
angle of obliquity—namely, 14} deg. Fig. 8 shows a 
| 12-tooth pinion and rack to these proportions ; obliquity, 
| 144 deg. These proportions do not, however, prevent 

“ interference ”’ if a straight-sided rack-tooth is used, 
as is desirable, for reasons of accurate reproduction. To 
avoid this objection, the angle of obliquity must be 
| increased to 22} deg. if a 12-tooth pinion is to be the 
| least of the series; but if 14 teeth can be adopted, then 
20 deg. is sufficient. 

In addition to facilitating accurate construction, by 
permitting generation, these mbddifications have a further 
advantage in giving a stronger form of tooth, thus — 
a finer pitch to be used for given diameters of wheel an 
pinion. Reducing the pitch in this manner increases 
the number of teeth in contact, and thus improves the 
durability and reduces the noise. The rate of wear is. 
| also reduced when more teeth are in gear simultaneously, 
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because the contact between the teeth takes place 
nearer the pitch line, where there is less relative sliding, 
and for the same reason the loss of power by friction 
between the teeth is reduced (Robert A. Bruce, American 
Machinist, vol. 24, page 1290, December 7, 1901). 

In 1908 Professor R. H. Smith described a method of 
setting out tooth outlines which was a compromise 
between the involute and the cycloidal, giving a contact 

ath of “modified hour-glass’”’ shape (Society of 
ingineers, May, 1908, ‘“‘The Design and the Waste 
and Wear of Wheel Teeth’’). The height of tooth 
recommended above pitch circle was equal to one- 
quarter of the pitch. See Fig. 9. 

Lasche’s Investigations.—The most valuable publication 
dealing with the conditions that affect the durability of 
toothed gearing that has come to the notice of the author 
is a series of articles by O. Lasche, of Berlin, published 
in 1899 (Zeitschrift des Vereines Deutscher Ingenieure, 
vol. 43, page 1417). As this has never been translated 


into English, and is not easily accessible, an extended 
reference thereto will perhaps be allowed. Lasche 
says :— 


Fig 7. GIRCULAR TEETH (SHARP). 
*“* 12 TOOTH PINION AND RACK, 








conditions for frequent repetition of loading, is quickly , 
destroyed. 


TABLE 1.—Duration of Contact. 


Figs. 10 and 11 are copied from diagrams in Lasche’s For Involute Teeth 20 deg. Obliquity. Addendum, one- 


original paper, showing respectively the relative sliding 
between the working surfaces of the teeth and the “ wear 
characteristic’? developed therefrom by multiplying the 
amount of sliding by the estimated corresponding 
instantaneous load. The relative sliding shown b 
Fig. 10 may be expressed as the number of units of oti | 
of face of the driven tooth passing under one unit of 
length of face of the driving tooth for a given angular 
movement of the gears. 

These diagrams are only relative, or qualitative, as 

ards amount of wear to be expected. The exact 
quantities depend upon too many varying factors, such 
as elasticity of the material, lubrication, and condition 
of the working surfaces, to allow for reliable determina- | 
tion. The most noticeable feature of these diagrams is 
the relatively large amount of sliding that takes place 
at the point of the teeth, as compared with the regions 
near the pitch circles where the motion is more purely 
rolling. Also it may be pointed out that as the teeth 





quarter of Circular Pitch. 








Cs | 

6e| 12 15 2 30) 36 45) 60 75) 100 150 
Za 

| | | 

12 | 1,17) 1.19] 1.21, 1.25) 1.26) 1.28) 1.20) 1.30) 1.32)1.33 
15 | T-19| 1.21) 1.24) 1.27) 1.29] 1.30) 1.82) 1.33) 1.34/1.35 
20 | 1.21) T7234) 1.27) 1.30, 1.32, 1.33) 1.35) 1.36 1.371.38 
30 | 1.25] 1.27) T-30, 1.33) 1.35, 1.36 1.38, 1.39, 1.40/1.41 
36 | 1.26} 1.29] 1.32) T735| 1.37) 1.38) 1.40 1.41 1.42)1.43 
45 | 1.28] 1.30] 1.33) 1.36) T738, 1.40) 1.41) 1.42) 1.43)1.44 
60 | 1.29] 1.32] 1.35) 1.38) 1.40) T.41| 1.43| 1.44) 1.451.46 
75 | 1.30} 1.33] 1.36) 1.39) 1.41) 1.42) T.44) 1.45) 1.461.47 
100 | 1.32} 1.34] 1.37) 1.40) 1.42] 1.43) 1.45! T-46) 1.47/1.48 
150 | 1.33] 1.35| 1.38) 1.41] 1.43, 1.44 1.46, 1.47) T4B.1.49 











Fig F SHORT TEETH 145° OBLIQUITY INVOLUTE (MODIFIED). 
aii 12 TOOTH PINION AND RACK. 








Fig. 9. 

















SANGS MODIFIED TEETH.(R.H. SMITH). 
J2 TOOTH PINION AND RACK. 
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“So long as pitch-line ve'ocities did not exceed 600 ft. 
per minute, the errors of workmanship and design, that 
were found even with gear-wheels turned out by first- 
class firms, did not cause any serious trouble.” 

To understand more clearly what occurs at the place 
of contact between the tooth faces, Herr Lasche investi- 
gated the variation in the amount of sliding at different 
parts of the tooth faces and flanks, and from this he 
developed a ‘‘ wear characteristic.” This ‘‘ wear char- 
acteristic ’’ is dependent upon the contact pressure and 
the amount of sliding between the contiguous teeth ; 
and, as these quantities vary at each line of contact, it 
is easily understood why the rate of wear of teeth is found 
- vary over the different portions of the working sur- 

aces. 

When two curved surfaces are pressed together, the 
breadth of the line of contact is enlarged to an amount 
depending upon the yielding of the material and upon 
the rate of curvature of the two surfaces. The usual 
assumption is, that for a given load and a given material, 
with contact surfaces of varying curvatures, the dis- 
placed volume remains the same for all.. The depth of 
penetration will therefore be less the flatter the curva- 
ture and the harder the material. Under the heavy local 
pressure, due to the contact of two curved surfaces of 
small radius, the lubricant is first squeezed out. Then 


the material of the teeth is deformed, and, under severe 
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Fig.10, SPECIFIC SLIDING (/NVOLUTE TEETH) 


(From Lasches Fig. 8.) 
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Fig.t1. WEAR CHARACTERISTIC 
(INVOLUTE TEETH). 


(From Lasches fig. 10) 





Arc of Recess. 





THIRO. 





(ere) 


FOURTH. 








approach the pitch point (during the are of approach)’ 
they slide into one another, which is a less favourable 
condition than arises after the teeth have passed the 
centre line (during the arc of recess). 

The next important condition affecting the working of 
gear-teeth is the relation between the theoretical arc of 
contact and the circumferential pitch, called for con- 
venience the “duration of contact,” and usually 
expressed in terms of the circumferential pitch. When 
the duration of contact is unity, each tooth in turn 
begins its work just as the preceding one comes out of 
action. If the duration of contact is greater than unity, 
but less than two, it means that a tooth works alone 
until the following tooth engages, and the load is then 
distributed between the two teeth in gear until the first 
pair of teeth come out of action, leaving the second 
pair only in gear. Professor R. H. Smith, in the 





r 
read before the Society of Engineers, and already alla: ed 
to, suggested a contact path of such a shape as to give a 
“duration of contact’’ of about 1 


ensures that each following pair of teeth is well in gear 


pitches. This | in contact near the pitch 





teeth‘in contact depending upon the number of teeth in 
the wheel and pinion. Assuming two teeth continuously 
in contact, a third pair will come into action just as the 
first pair are leaving, and at the same time the second 
pair will be in contact at the pitch point. The exact 
division of the load, between two pairs of teeth in action 
under these circumstances, is uncertain, as it depends 
upon many factors, such as elasticity, accuracy of work- 
manship, &c., and recent authorities suggest that while a 
large arc of contact is desirable to reduce wear and tear, 
yet it must still be assumed that only one pair of teeth 
are in contact when calculating the strength of the gearing 
(see discussion on Marx’s paper, Amer. Soc. Mech. Eng., 
1912, vol. 34, page 1376). It is evident that the minute 
surfaces involved at the commencement of contact 
cannot carry as much as the more ample surfaces nearer 
the pitch line, hence the wear wil quickly remove 
material from the points and roots of the teeth, and 
leave the bulk of the load to be transmitted by the teeth 
oint. 

[Biichner says that on this account involute teeth tend 


before the preceding pair has parted contact. Figs. 10, to approximate to cycloidal shapes when in use (Zeitschrift 


and 11 show that when the theoretical arc of contact | des 


ereines Deutscher Ingenieure, vol. 46, page 27% 


exceeds unity, the duty will be distributed between the | February 22, 1902)]. : 
different teeth in contact at a time when the rate of wear When wear takes place near the pitch circle, the result- 


would otherwise be at its highest value. 


ing error of movement of the teeth points is magnified, and 


Table I., annexed, shows the theoretical number of the points gouge out portions of the roots of the teeth of 
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the other wheel. This accentuates the wear and gives 
rise to certain high stresses in a radial direction, which are 
not usually provided for in the design of the rims. 
Although new wheels may run quietly at first, yet as 
soon as undue wear occurs the correct shape of the teeth 
is departed from, and the first requirement of toothed 
gearing—namely, transmission at a uniform angular 
velocity—is no nape fulfilled. The resulting rapid 
fluctuations in angular velocity give rise to chattering 
and hammering, which tend to destroy the structure of 
the material much more rapidly than the usual sliding 
and rolling of the surfaces. 

A study of the “‘ wear characteristic” diagram, 
Fig. 11, page 512, will show the desirability of reducing 


the addendum, and by this means retaining in use only | 


those portions of the tooth surface that endure approxi- 
mately an equal amount of wear, thus retaining the 
correct original shape as long as possible. 


obliquity each improve the strength of the tooth, and the 
only important limitation in this direction is the reduction 
in duration of contact that follows from these modifica- 
tions. The improved “wear characteristic” that 
would follow is an answer to the criticism that the 
increased angle of obliquity necessarily increases the 
amount of backlash. 

The factors to be considered when estimating suitable 
proportions to resist wear are :— 


P = pressure to be transmitted at pitch line, 
N = number of revolutions per minute, 

e = estimated number of teeth in contact, 

6 = breadth of teeth, 


and a table of actual examples from practice and experi- 
ment is given in Lasche’s original paper to enable a 


suitable value to be placed upon PN according to the 


condition of the working. 

The first of these examples, Fig. 12, refers to a 50-horse- 
power transmission at 575 revolutions per minute with 
a raw-hide pinion of 26 teeth, 1} in. pitch by 6 in. wide, 
gearing into an iron wheel having about 220 cast teeth. 
The pressure per inch of width of tooth (130 lbs.) was 
found to be too great for rough cast teeth, and the gearing 
was increased in width to bring the load down to 93 Ib. 
per inch of width; the teeth of the new wheel were 
machine cut, and the result was very satisfactory. The 
pitch-line velocity was 2150 ft. per minute. 

In the second example, two raw-hide pinions of 18 
teeth, 1} in. pitch by 6 in. wide, were arranged “in 
parallel”’ to transmit 50 horse-power between them at 
575 revolutions per minute. pressure per inch of 
tooth width, assuming one pinion carrying the load 
alone (215 lb.), was too great, the “ parallel” arrangement 
was unsatisfactory because the pinions were not able to 
divide the load equally, and in addition the damp situa- 
tion hastened the destruction of the raw hide. The 
“parallel”’ arrangement was altered to a single pair of 
wheels and the width increased to 15} in., giving a load 
of 80 lb. per in. of width with satisfactory results. The 
pitch-line velocity was 1300 ft. per minute. Fig. 12a 
shows the original arrangement, and Fig. 128 that 
adopted afterwards. 

The third example was designed to transmit 75 horse- 
power at 575 revolutions per minute, the wheel, about 
136 teeth, and pinion, 35 teeth, 1} in. pitch, 54 in. wide, 
each being of steel with machine-cut teeth. The pinion 
teeth broke frequently because the first-motion pinion 
was rigidly connected to the large mass of the revolving 
armature, and the first-motion wheel was similarly very 
close to the second-motion pinion. The pitch-line 
velocity was about 2460 ft. per minute. e load 


A reduction | - 
in the height of tooth and an increase in the angle of | © 





transmitted works out at about 180 Ib. per inch of width, | 
which would give a working stress of only about 1300 Ib. | 


per sq. in. in the teeth. Errors in workmanship amount- 
ing to 0.5 mm. (say 0.02 in.) in pitch, however, that might 
have been unnoticed at lower velocities, or with more 


flexible attachment, gave rise to the trouble mentioned, | 


and the drive had to be entirely rebuilt. 
he fourth example exhibited the same faults as the 

one last described. The motor was of 96 horse-power at 
690 revolutions per minute, driving a bore-hole pump. 
Pinion 23 teeth, 1.35 in. pitch, 7 in. wide, wheel about 
‘0 teeth. The pinion was of phosphor-bronze in this 
case, with a load of 250 lb. per inch of width. The velocity 
(1800 ft. per minute) is too high for metallic wheels, unless 
the greatest accuracy in construction and care in installa- 
tion are available. 

; The fifth example was a transmission of 100 horse-power 
with a raw-hide pinion, 26 teeth, 1.85 in. pitch, 11 in. 
wide, at 480 revolutions per minute, the load per inch of 
= h being 153 Ib., and the velocity 1900 ft. per minute. 
; ‘though the transmitted load was not excessive, yet 
reakages of the teeth occurred through the same faults 
as in the third and fourth examples, and suggestions were 
made to substitute rope-driving for the first reduction, or 
‘ slow-speed motor. Each of the five examples quoted 
is shown diagrammatically in Fig. 12. 
F our examples are given, where the experience has been 
— Satisfactory, of raw-hide pinions gearing with cast- 
te heels, the powers ranging from 5 to 75 horse-power, 
the loads per inch of width from 34 to 136 Ib., and the 
pitch-line velocities about 1800 ft. per minute. (See Table 
annexed for particulars.) ‘The average for 3 
is ng 32,000 in English units (pounds per inch). 

(The average of fifty examples of raw-hide pinions “ in 
nd giving satisfaction,” given by Livingstone 
(Llectrician, March 19, 1909, page 892), gives 


112.000, and = 115 Ib. per inch of face.] 


Three examples gi 
Thi ; given b 
working satisfactorily with 


service a 


s 


Lasche of delta-metal pinions 











Four Examples of Raw-Hide Pinions with Cast-Iron | 
Wheels. 
S252 5a ; 
ro 
LP. R.P.M. .Pitch. Breadth. $2 £2 Velocity. yg= PN 
$= Se BS eb 
a" = 
i ft. 
in. in. per sec. | 
5 1440 0.49 2.95 28112 27.56 99 25,400 
15 960 0.99 4.72 25 100 32.8 246 25,900 
40 720 1.236 7.87 25 100 30.84 705 35,000 
75 575 1.496 10.24 25 100 29.53 1380 43,000 


width varying from 175 to 350 lb., the pitch-line velocity 
being from 1000 to 1200 ft. per minute; average for 
P = is about 100,000 (see Table below). 

{As confirmation of the above, the author may be 
allowed to say that he adopted, more than twelve years 


Three Examples of Delta Metal with Steel Wheels on Cranes. | 


fg 4. Ria. 
a 
H.P. R.P.M. Pitch. Breadth. 22 32) Velocity 33= PN 
Sz Se SeS eb 
Bee pe 
a . ft. 
in. in. r sec. 
15 960 0.618 2.36 24)— 19.68 415 93,600 
40 720 0.618 4.72 240 17.72 | 1235 104,500 
| 7 575 0.866 7.08 240ml — 16.40 2470 111,300 
, a) reper 
ago, a maximum of 130,000 for for intermittent 


| crane work for steel 
| and 53,300 for raw-hide pinions under similar conditions, 
assuming a duration of contact equal to 14 pitch, and the 
results have been quite satisfactory. ] 

Referring to the variation in stresses due to irregu- 
larities in pitch, Lasche gives calculations of a typical 
example from practice showing that while at moderate 
speeds this is not serious, yet as the excess load due to 
irregularities will increase as the square of the velocity, 
it is evident why trouble is experienced, at higher 
ae speeds, that cannot be accounted for by calcu- 
ations based upon the transmitted load alone. Hence 
the greater care that is essential for success at the high 
speeds now in use. (An abstract of Lasche’s calculations 
on this point is given in Appendix II., page 34.) 

Professor R. H. Smith also refers to the increased stress 
caused by irregularities in the pitch or shape of wheel 
teeth (Society of Engineers, 1908). 

Another important detail elaborated by Lasche is the 
advisability of separating revolving masses, as, for 
example, armatures of motors, from adjoining masses, 
such as the large gear-wheels of the second motion, by 
some elastic medium, such as a length of shaft or a 
flexible coupling, so as to allow slight variations in angular 
velocity, due to unavoidable errors in gear-cutting, to 
take place without giving rise to destructive loads between 
the teeth. Satisfactory running had been obtained at 
the date of Lasche’s paper (1899) (by careful workman- 
ship, installation and lubrication) with milled cast- 
iron wheels and raw-hide pinions, at 960 revolutions per 
minute, 2400 ft. per minute, and 112 lb. per in. of face, 
and with cast-steel wheels and delta-metal pinions at 
720 revolutions per minute and 1800 ft. per minute. | 
Wear was hardly noticeable on the delta-metal and | 
cast-steel combination after milions of revolutions at | 
pressures up to 700 lb. per inch of width. For lubrication | 
of raw hide, a mixture of tale graphite and resin proved | 
satisfactory. 

[From these references to Lasche’s investigations, it is 
very evident that durability depends upon accuracy of 
construction as much as upon correctness of design and | 
suitability of the material used. ] 

Materials.—It is upon the question of the most suitable 


| materials that the author hopes to learn most, and with | 


as Part 1, page 95). 
| because all requirements can be met without a compli- 


a view to eliciting some discussion, he proposes to review 
briefly the requirements of the conditions involved. For | 
many years cast iron was universally adopted for spur- 
gearing, and then gun-metal was used to some extent, 
but the elastic limit of these materials is too low for use 
under modern conditions as to speed and load (Christie, 
Proceedings, Engineers’ Club of Philadelphia, vol. 18, 
page 43, February, 1901). | 

Cast steel has been largely used in recent years in 
place of cast iron, with satisfactory results, but the 
demand for greater reliability and economy in space has 
called for forged steel of varying qualities. The milder 
qualities of steel first adopted, say up to 0.3 per cent. 
carbon, gave trouble by abrasion (Christie, loc. cit.), and 
also by change of tooth form under the percussive action 
they experience when in use under heavy loads, and 
case-hardening the teeth has been adopted to some 
extent to overcome this weakness. 

It is now generally agreed that for important gearing, 
where space is limited, the elastic limit of the steel must 
be raised from, say, 20 tons to 40 tons per sq. in. (Litch- | 
field, Trans. Amer. Soc. Mech. Eng., 1908, page 972), 
and the only difference of opinion is as to whether this 
should be done by merely increasing the carbon contents | 
to, say, 0.6 per cent. or more, or by using other alloys, 


b for these | such as nickel, manganese, chromium, vanadium, &c., 
| with or without suitable heat-treatment to toughen and 


harden the steel. One objection raised to high-carbon | 
steel is the risk of brittleness ensui from careless 
treatment (Logue, American Machinist, vol. 31, 1908, | 
Revillon recommends nickel steel, 


cated heat treatment (Iron and Steel Institute, Carnegie | 
Memoirs, vol. 1, page 218). 
It should not overlooked that while heat treatment | 


varying from 15 to 75 horse-power have loads per inch of 


inions gearing with steel wheels, | 


| 


| the surroundings. 


armour-plates and gun-tubes, where the value of each 


| piece makes it possible to maintain an expensive labora- 


|tory and staff to check the processes and the results, 
|this is not so convenient in ordinary machine-shops. 
| Whatever material is adopted, it is advisable to make 
|the pinion of harder material than the wheel (Logue, 
| American Machinist, vol. 31, Part 2, 1908, page 115) in 
| order to divide the wear equally between the two, and 
thus prolong their useful life by enabling the teeth of 
both wheel and pinion to retain their original accuracy 
, and shape as long as possible. If undue wear affects the 

inion, this in turn reacts upon the teeth of the wheel and 

oth suffer. More attention will have to be given to the 
constituents of steel used by engineers as requirements 
become more onerous. Some engineers connected with 
large steel works are already including in their specifica- 
tions of machinery to be purchased a stipulation that 
phosphorus and sulphur in steel forgings and castings 
must not exceed 0.04 per cent. 


(To be continued.) 





SURFACE-TENSION EFFECTS TN METALS. 


Surface-Tension Effects in the Inter-Crystalline Cement in 
Metals and the Elastic Limit.* 


By F. C. Toompson, M.Met., B.Sc. (Demonstrator in 
Metallography in the University of Sheffield). 


(Continued from Page 474.) 


Dynamic Stresses.—We may now turn our attention to 
a consideration of the effects of alternating stresses, on 
the basis of the surface-tension theory. 

When a tensional stress is applied toa normal metal, the 
withdrawal of adjacent crystals will be very small if the 
stress applied is small compared with the mutual attrac- 
tion between the grains. yhen, however, the two stresses 
become ooemneatiibe, a more marked separation should 
occur. This increase of d of equation (2) will result in a 
lowering of the resistance to further stress, which is 
measured by E. Thus we may consider E as a measure 
of the resistance to alternation of stress, while d is a 
corresponding measure of the applied force when this 
ex s some minimum value. low this value the 
| resistance would be infinite. Above it, however, the 
| relationship of the resistance to the maximum value of 

| the stress applied is expressed by the relationship 


Ed = const. 


| This is the equation of a rectangular hyperbola. 

The resistance, therefore, of a metal to alternating 
| Stress should be infinite for small stresses. Beyond a 
| corneas limit, however, it should commence to decrease, 
| ultimately becoming zero when the stress applied is 
|great. The results of many experimenters in this field 
| of work are of exactly this type. Some results of Wéhler 
lon repeated tensions, recorded by Unwin, “ Testing of 
| Materials of Construction,” page 373, are plotted in 
| Fig. 4. 
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The theory of surface tension is of great interest 
also in connection with the influence of the rapidity with 
which the stress is applied. The sudden stretching of 
a soap film is accompanied by a very distinct cooling. 
If, however, the stretching be done slowly, the tempera- 
ture is maintained constant by the inflow of heat from 
Now since the surface tension of a 
liquid increases as the temperature is lowered, it will be 
at once seen that if the theory be true which connects 
the elastic limit of a metal with the surface tensions 
between the crystalline grains, the rate at which a stress 
is applied should produce a distinct difference of me- 
chanical properties. The influence, however, will be less 
in metals than in many other materials, on account of 
the high thermal conductivity of the former, while it 
should be greater in large masses than in fine wires, 


, Since in the latter case the inflow of heat can occur much 


more quickly than in the former. It is also to be ex- 
pected that only in cases of very rapid loading will any 
appreciable effect be observed, since at all more moderate 


| rates the conduction will be sufficiently great to maintain 


isothermal conditions. 

It is also possible to predict the remarkable cases of 
fracture first observed by Wéhler under stresses lower 
than the normal elastic limit. It has been shown by 
Ewing and Humfrey (!*t) that under such stresses the 
friction of crystal against crystal, and especially on the 
plane of slip, causes the amorphous material to be pro- 
duced in quantities which can be recognised micro- 
scopically. Such an increase of thickness d would be 


* Paper read before the Iron and Steel Institute, May 5. 
+ These figures refer to a Bibliography at the end of 


steel wheels on crane motors may be quite feasible with large masses of steel, such as the paper. 








514 


ENGINEERING. 





[May 26, 1916. 








relatively very great, and the reduction of the interfacial 
attractions which would result affords a very ready 
explanation of the ultimate fracture under stresses less 
than the assumed — elastic limit. 

Another aspect of the theory in connection with rapidly 
applied stresses is important.* The sudden stretching 
ade film, such as those between the crystals in a metal, 
involving work done against surface tension, will result 


in a cooling effect :-— 
=20A8, 


where :— 

6 is the absolute temperature, 

A the increase of area of the film, 
and £ the temperature coefficient of the surface 
tension T. 

Now, if a test-piece be subjected to a stress dp, applied 
instantaneously, so that the thermal c are not 
removed by conduction, the elongation de is the alge- 
braical sum of that due to the increased pull and of that 
due to the change of temperature. Thus if g is Young’s 
modulus for steady strain (the isothermal modulus), 
w the coefficient of linear expansion, and d@ the change 
of temperature, then :— 


de=?P 4 wae. 
q 





Neglecting the change of temperature due to the stretch- 
ing of the films :— 
te a ne To.dp 


JKp 
where :— 
T° is the temperature, 
K ,, specific heat, 
J 4, mechanical equivalent of heat, 
and p »» density. 
éo i wt! 
dp q JKp 


where q’ is the adiabatic modulus. Knowing p, K, w, 
and p, q can be deduced, with the result that g’ should 
never be so much as 1 per cent. greater than q. 

It is possible, however, to determine qg’ directly by 
acoustical methods, and Wertheim’s results indicated that 
the adiabatic modulus was in some cases 20 per cent. 
greater than the isothermal. Now taking into account 
the cooling of the films due to the sudden stretching :-— 


a _(wTdp 2 
de (Fe2 + oA8), 


If the crystals are considered as cubes, n per centimetre, 
and if ¢ is Poisson’s ratio for the metal—.e., the ratio 
of the lateral contract 10n, produced by the stress to 
the longitudinal extension—the change of area of the 
films round each crystal due to a stress ap may be shown 
to be :— 

4de’ 

n 

.*. the change of area per cubic centimetre, since each film 
abuts two crystals :— 


(1 — 2¢), where de’ is extension of each crystal. 


= 3.44% — 26) 03. 
n 
But 
nde’ = de 


.*. change of area per cub. em. (A) 
= 2de(l—2ea)n. 
But 


de = ?? 
qd 
A= 24?) _ 2¢)n, 
qd 
whence :— 
—~dg= ["T4P 99824? 2 \ 
d@ \IKp +2068 r ( 20)n; 
de 1 1 w2 T 
== {1—40Bw(l —2a)n}— 
dp q 4q JKp 


,is thus smaller than it would be if the surface-tension 


effect were neglected, or ¢g is greater. The adiabatic 
Young’s modulus is therefore greater than the value 
obtained by omitting temperature changes due to the 
surface-tension phenomena between the crystalline 
grains. An explanation is therefore offered by this fact 
of the divergence hitherto of the calculated and observed 
values. 

The values of «ll the constants for iron are known, 
with the exception of the temperature coefficient of the 
surface tension. Assuming, however, that the critical 
temperature is 10,000 deg. Cent., then for a metal with 300 


crystals per centimetre the ratio of 4. = 1.28; neglecting 


this effect, however, t is only 1.0026. This appears to 


the author to be almost proof positive of the truth of 
the theory propounded. Not only is the difference 
between the adiabatic and isothermal Young’s moduli 
in the proper sense, but the effect is sufficiently great 
~ explain all of the discrepancies hitherto unaccounted 
or. 

Some further details, all pointing in the same direction, 
may here be noted. Hanriot has recently shown that a 
cube of metal subjected on every face to considerable 
hydraulic pressure was apparently hardened, although 
no distortion of the crystals could be detected micro- 
scopically. Cleavage slipping, therefore, presumably did 
not occur, so that the hardening was not due to an increase 
in the quantity of the amorphous modification. The 
result it 


of a simple explanation in view of the 





* Poynting and Thomson, “ Properties of Matter,” 
page 134. 





— under consideration. Pressure from all sides 


would tend to produce closer contact between adjacent 
crystals, so that d in equation (2) would be decreased, 
and E in proportion ine ° 

The second point arises from the discovery of Schottky, 
that the strength of gold-leaf begins to decrease when 
the thickness is reduced below a certain value. The 
greater reduction would produce, if possible, more 
amorphous material than before, and so should, accord- 
ing to present conceptions, give a still harder material. 
Such a result, however, would follow necessarily from 
the surface-tension theory of strength. The increase of 
strength of a material stressed beyond the yield-point 
has already been dealt with, the increased resistance 
being referred to the increased area resulting from 
cleavage slipping across which surface-tension attrac- 
tions can act. "When the metal has been subjected to 


COLONIAL AND FOREIGN 
PROJECTS. 


WE give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Jounal. Further information on these projects 
can be obtained from the Cc cial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, 
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Australia.—With reference to the new underground 
electric railways in Sydney, the Sydney office of His 
Majesty’s Trade Commissioner for Australia has forwarded 
a copy of a detailed report of the Chief Engineer to the 
New South Wales Public Works Department on the 
proposed railway undertakings. The works recom 


ded in this report are the following :—The electri- 





a very great deformation, as in the beating of gold into 
leaf, the amount of the amorphous modification produced 
will be correspondingly large and the intercrystalline 
films thick. Since in equation (2) is lowered, the 
strength must then fall at the same time. 

The behaviour of a test-piece of normal ductile metal, 
stressed in tension, after its maximum stress has been 
reached, is characteristic and familiar. The waist that 
is formed at a certain point of the imen is an indica- 
tion of a condition of marked instability and of a continu- 
ous lessening of the resistance to the pull applied. Such 
instability is closely similar to that found in cylindrical 
soap films, in which the length of the film exceeds the 
semi-circumference. If the interiors of two such long 
films are connected, a film which is already bulging out 
grows bigger and bigger until it bursts, while one whose 
sides are curved inwards collapses. Now the usual 
test-pieces are of a size eorresponding to these unstable 
films—e.g., the common type, 2 in. long and 0.564 in. in 
diameter; and in these, when the maximum stress is 
reached, a condition approximating to the mobility of 
a fluid is reached. Under the influence of surface- 
tension forces this unstable condition results in lateral 
contraction commencing at a certain point, which con- 
traction then increases until the test-piece breaks. It 
is a well-known fact that very short pieces show much 
less elongation and reduction of area at the point of 
fracture than do longer ones. In such cases the cylin- 
drical film is always stable. It is possible that to this 
fact should really be attributed the practically recognised 
result that the enlarged ends of the test-piece diminish 
its drawing out. Such test-pieces also give distinctly 
higher tensile strength than do longer, thinner ones. The 
following concrete example of these conditions is taken 
from Unwin’s “ Testing of Materials of Construction,” 
page 109. A steel bar 2} in. in diameter had its diameter 
turned down to 1} in. for a length of 2} in. Such a bar 
is just on the limit of instability, since the semi-cireum- 
ference is 2.3 in. A second test-piece from the same bar 
was made by turning a groove with a slightly rounded 
bottom. This is the shortest possible test-piece, and a 
similar liquid film would be stable. The normal piece 
registered a maximum stress of 35.9 tons per sq. in., 
with an elongation of 60 per cent. on 2 in., and a reduction 
of area of 54.6 percent. The grooved piece broke under a 
stress of 53.25 tons per sq. in., and the elongation and 
contraction were practically nil. 

Electrical and Magnetic Properties.—It has recently 
been shown by the author (20) that the electrical resis- 
tance of a given sample of metal is fhe sum of that of the 
crystalline part and that of the crystal boundaries. 


If p; is the specific resistance of the sample, 
po the specific resistance of the crystalline material, 
n the number of crystals per centimetre, and 
r the resistance of 1sq.cm. of boundary perpendicular 
to the direction of the current ; 
then 
Pl = po + mr. 
For the iron already considered :— 
pi = 6.83 + 1.72” x 10-3 microhms per cub. cm. 
The drastically annealed sample had a specific resistance 
of 7.15 microhms per cub. em.; that of the normalised 
sample was 7.51 microhms, and that of the quenched and 
tempered, 7.99 microhms. 
Now since empirically :— 
E=kniT 


pL Be should be a constant. 
If the resistances are expressed in ohms per cubic 


centimetre and the elastic limit in tons per square inch, 
the values for this term are :— 


For annealed iron aw wr as 8 
For normalised iron oes sain > SHS 
For quenched and tempered iron --- 42.3 


values which are approximately constant. 

In view of the close relationship of the surface tension 
to intrinsic pressure, and of this to the hardness of a 
metal, it is interesting that for the samples of iron 
already treated of :— 

e = 300 Bis 
where B is the Brinell hardness, and e¢ is the hysteresis loss 
per cycle. 
(To be continued.) 





LeYtanD Iron Ork.—On account of the increasing 
difficulties of obtaining tonnage and other impediments 
to transport by sea, work has been knocked off one day 
a week, Saturday, both at Malmberget, Gellivare, and 
at Kirunavare. The company has been very reluctant 
to take this step, but it =) been found impossible to 
find the necessary sto accommodation. The com- 
pany has lost a considerable amount of its own tonnage 
of late, which circumstance further enhances the trans- 
port difficulties. 


. 





fication of the inner zone suburban railways to Parra- 
matta, Hornsby, Sutherland, and Bankstown; the 
construction of the City Electric Railway, and electric 
railways to the eastern, western and nothern suburbs ; 
the construction of two long-span cantilever bridges 
across the harbour, of 1600-ft. and 1350-ft. centre spans 
respectively; the electrification of the outer zone 
suburban railways to Penrith, Campbelltown, Waterfall, 
the Hawkesbury River, and various other small branches 
in the suburban area; and the construction of under- 
ground tramways. The total approximate cost of these 
undertakings, which has been approved, is 20,000,0001., 
exclusive of land resumption. e report also contains 
recommendations regarding the Sydney Harbour (North 
Shore) bridge, in connection with which a Bill was 
recently stated to be in course of preparation. 


Siam.—With reference to the call for tenders by the 
Siamese Royal Railway Department (broad gauge) for 
the supply of three steel viaducts, His Majesty’s Consul- 
General at Bangkok reports that the contract has been 
awarded to a Dutch firm, whose name, together with the 
quoted prices, &c., may be obtained by United Kingdom 
contractors interested on application to the Commercial 
Intelligence Branch. 


Republic of Colombia.—With reference to the measures 
to be taken by the Colombian Government to combat 
the yellow fever at Buenaventura, it is notified that 
the Diario Oficial, Bogotdé, publishes a Presidential 
Resolution, dated February 21, regarding the works 
to be carried out. It is stated that although the yellow 
fever has disappeared, it is urgent that every effort should 
be made to prevent its reappearance, and with that 
object in view the following measures will be taken. 
The inspection of private houses to ensure the fulfilment 
of the sanitary arrangements will be continued. Special 
attention is to be paid to works necessary for protection 
against inundations of the sea at high tides. Arrange- 
ments will be made for the purchase from abroad of 
wire netting for protecting doors, windows, cisterns, 
&c., which will be sold to the public at cost price. Crude 

troleum for continuing the treatment of the marsh 
and as a measure of defence against yellow fever will 
also be obtained from outside the Republic. Large 
reinforced-cement tanks will be constructed in the higher 
part of the town to receive rain water, which will be 
distributed through pipes; these tanks will be covered 
with wire netting. Other works to be undertaken include 
the construction of a hospital station, the improvement 
of the market place, the installation of disinfecting 
apparatus, &c. 








American Coat Exports.—The exports of coaljfrom 
the United States in January this year were 1,217,130 
tons, as compared with 823,444 tons in January, 1915. 
The total of 1,217,130 tons was made up as follows :— 
anthracite, 274,986 tons; bituminous, 942,144 tons. 





CENTIGRADE FOR FAHRENHEIT ScaLE.—According to 
the Iron Age, Dr. Carl Hering presented, at a recent 
meeting of the American Electrochemical Society, a 
resolution endorsing a Bill now in Congress to the effect 
that in all Government publications the Centigrade scale 
should ultimately be substituted for the Fahrenheit, 
probably at the end of four or five years. The resolution 
was adopted unanimously. In the meantime the two 
scales are to be used side by side. 





CanapIaAn Rattways.—The length of new line brought 
into operation in Canada since 1910 has been 10,852 
miles. The addition carries the sgeregate mileage in 
operation to 35,184 miles, made up as fol ows :—Ontario, 
10,702 miles; Quebec, 4677 miles; Manitoba, 4,498 
miles ; Saskatchewan, 5327 miles; Alberta, 3174 miles ; 
British Columbia, 3100 miles; New Brunswick, 1962 
miles ; Nova Scotia, 1367 miles ; Prince Edward Island, 
275 miles; and Yukon, 102 miles. In 1910 the capitali- 
sation of Canadian railways was 1,210,297,687 dols. ; in 
1915 the corresponding ag te had increased to 
1,875,810,888 dols. These totals did not include the assist - 
ance which the Canadian Government has given in aid of 
Canadian railway development. For instance, the 
Dominion Government has built the eastern section 0! 
the Transcontinental line, at a cost of 152,802,706 dols.. 
while the Federal and provincial governments also 

teed Canadian railway bonds during the last five 
years to the extent of 409,869,165dols. Canadian railway 
revenue declined last year as compared with 1914 to 
the extent of 43,240,457 dols. This was — to some 
extent by a decline in freight traffic _year from 
101,393,989 tons to 87,204,838 tons. Canadian railway 
earnings have, however, been steadily growing during 
the last twenty years. In 1895 they were $46,785,486 ; 
ten years later they stood at $106,467,198 ; and in 
1913 they reached their maximum in any one year, 
viz., $256,702,703. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
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Where inventions are from abroad, the Names, &c., 
he oer nay sbtained at the Patent Ofice, Sales 
Poe 8 25, Southampton Chancery-lane, W.C., at 

The date of advertisement of a Complete 

is, in each case, given after abstract, unless the 


7 of @ Complete 
we notice at the Patent 
‘atent on any of the 


ELECTRICAL APPARATUS. 


4345/14. La Societe Marius Latour et Compagnie, 
Paris, France. Wireless Telegraphy. [1 Fig.) Feb- 
ruary 20, 1913.—This invention relates to high-frequency alter- 
nating currents for wireless telegraph or telephone systems, and 
has for its object to provide means for the transformation of 


currents of n.f. periods into currents of (n +2) f periods. n is | 


any whole number, and / refers more 


view. It is known that in the case of an ordinary alternator, the fre- 
quency proper corresponds to the ber of revolutions per second 
multiplied by the number of pairs of poles of the alternator. The 
invention consists in the transformation of polyphase currents 
at nf. cycles into polyphase currents at (n+2) f nag Lg 
means of a dynamo-electric machine having a polyphase wind- 
ing on its stationary part and a single-phase winding on its 
rotating part, said wr winding being fed by polyphase 
currents at nj. cycles. Assume that two-phase currents, having 
a frequency nf. obtained from any source, are introduced through 
the terminals a,b,d into the winding of the two-phase stator 
A. B is the single-phase rotor. The capacities U! arefor the pur- 
pose of eliminating the self-induction of the windings at the fre- 
quency n.f. These two-phase currents having a frequency of n//. 
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give rise to a rotating field, the speed of which is n.f. Therefore, 


if the rotor rotates hypothetically at the Jin the direction 
opposite to the cotaling field, a current having the frequency 
(n + 1) f is induced in its winding. This single-phase current 
produces an alternating field which may be decomposed into 
two rotating fields rotating in te directions to each other 
and at the speed (n +1) f with respect to the rotor. With 
respect to the stator, which is stationary, one of the two compo- 
nent fields rotates at the speed (n + 1) f Fe n.f., and combines 
its action in the usual manner with the field of the stator having a 


frequency nf. ; while the other of the Yi K- rotates in | 
A therefore in- | 


space at the speed (n +1) f +f =(n + 
duces in the two-phase windings of the stator currents having 
a frequency of (n + 2) f. These currents having a frequency 
(n +2) f may be collected at the terminals a}, 5!, d!, after the 
capacities 02, C2, which, being combined with the capacities 


Cl, Cl, eliminate the self-induction of the windings of the stator | 


for the frequency (n +2) f. In this manner, while currents 
having a frequency 7.f. are introduced from the exterior through 
the terminals a,b,d, currents having the higher frequency 
(n +2) f can be collected at the terminals a!, b!, d! for the 
desired purpose. These currents having a frequency (n+ 2) f 
may in turn be converted into currents having a frequency 
(n -+ 4) f, and soon by the same method either in another machine 
or in another part of the periphery of the same machine, (Ac- 
cepted December 8, 1915.) 


5554/15. The British Westinghouse Electric ena | 


Manufacturing Company, gree London. Elec- 
tric Meters. (2 Figs.) April 15, 1914.—The invention re’ 
to electrical measuring-instruments, and particularly to motor 


metets for use in connection with alternating-current circuits. | 


Au object of the invention is to vide an improved electrical 
measuring-instrument of the induction type in which a per- 
manent magnet surrounds a cylindrical armature and serves the 
double purpose of acting as a return path for the electro-magnetic 
lines of force and as a damping magnet. A magnetisable core 
member 1 has a plurality of polar projections 2, 3, 4and 5, which 
are spaced apart, and around which are di the current 


windings 6 and 7. A voltege winding 8 is upon the 
central leg 9 of the magnetisable core 1. The free ends of the 
projections 2, 3,4 and 5 and the opposite portion of the body por- 


Gon of the magnetisable core 1 have a substantially cylindrical for- 
mation. A light-weight metal cylinder 10 is open at its lower end 
_ 8 provided with a plurality of arms 11 at its upper end, which 
terminate at its central axis for supporting the same. The cylin- 

~ . member 10 constitutes the armature of the motor and is dis- 
- ®4 around the magnetisable core 1 substantially as shown in the 
— ing. A permanent magnet 12 of substantially annular form is 
per me around the rotatable armature 10 for the double pu 
~ acting a8 @ return path for magnetic lines of force from the 
Tae etisable core 1 and asadamping magnet for the armature. 
= e Loe 13 and 14 of the magnet 12 are located adjacent to the 
ayia ae ane end of the magnetisable member 1. A soft- 


hed by a screw 16 ° 
jacent to the polar pre y Ps to the magnet 12 ad 
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rticularly to the frequency | 
proper of the machine which is u for the transformation in | 


rpose ties a is shown fit 


and 5. A ber 17 is 


| member 1, which is attached thereto by screws 19, and to support 
the armature at a point 20 which coincides with its central axis. 
A member 21 is also attached to the magnet 12 by the screws 18 to 
serve as a guide for the shaft 22 of the armature 10. The shaft 22 
is associated, at its upper end, with an integrating mechanism, 
the dials 23 of which co-operate with pointers 24 for the purpose 
of registering the rotations of the armature. The windings 6 
and 7 are usually connected in series relation to the conductors 
that carry the energy to be measured, and the winding 8 is usu 
connected in shunt relation to such conductors. Since there 
a relatively large number of turns in the winding 8, the current 
flowing through the same will not be in phase with the current 
flowing through the windings 6 and 7, which have a relatively 
small number of turns. The two magnetic fluxes that differ in 
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phase will pass from the polar projections 2, 8, 4 and 5 through 
the armature to the member 15, and, by reason of their phase 
relation, will cause the armature to rotate. The vy lines 
| of force, after pe ty ones J the armature, pass through the mag- 
| netic circuit provided by the permanent magnet 12 to the opposite 
,end of the magnetisable core 1. Since the member 12 is a 
| permanent megnet, a local magnetic circuit will aleo be esta- 
blished from the poles 13 and 14, through the armature 10, the 
| cylindrically-curved end of the magnetisable member 1 and an air- 
| gap 25 between the said poles to damp or retard the rotation of 
the armature. The shifting field set up in the air-gap between 
the member 15 and the polar projections 2, 3, 4 and 5 is identical 
with the field set up in other instruments of the induction type, 
| and hence needs no further explanation. (Sealed.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


| 6395/15. J. Keith and G. Keith, London. Auto- 
|matic Control for Gas-Lam (5 Figs.) April 29, 1915. 
| —The invention relates to automatic lighting and ee) pe 
apparatus for high- ure Cee | such as described in Speck. 
fication No. 4290, of 1914, and has for its primary object to provide 
means for preventing gas, which has leaked past the valve con- 
| trolling the pilot-light by-pass, from passing to the pilot-tube 
while the lamp is —_ thereby preventing deposition of carbon 
in the pilot-tube. According to the invention, there is provided 
a which is out of communication with the gas supply 
| when the pilot-light is in use, but is adapted to permit escape to 
| the atm ere of any gaseous leakage entering the pilot supply 
while the lamp ie alight. The spindle 1 of the plunger 2, in lieu of 
being guided along its entire length as heretofore, has a sliding fit 
with the outer end only of the spindle-guide 3, and at its inner 
end is tapered to form a conical valve portion 4, adapted, when the 
plunger 2 is in ite innermost position, corresponding to the closed 
} tion of the main valve, to seat on the contracted inner end of 
e guide 3, there being thus afforded between the spindle-guide 3 
| and the spindle 1 an annular space 5, which is maintained closed at 
| the outer end, but which is open at the inner end during such time 
| as the conical portion 4 is unseated. Leading to the annular space 








5 is a passage 6 extending through the cap member 7 of the dia- 
phragm-casing into the casing proper 8, and communicating with 
| the pilot-light supply. In the outward position of the plunger 2, 
| corresponding to the open position of the main valve, and to the 
| interruption of the avez the pilot-light by the pilot-supply 
| control-valve 9, the annu space 5 is brought into communica- 
| tion with the chamber 10 formed in the cap member 7 at the back 
| of the diap m 11, which chamber 10 is formed with a small 
| vent 12 open the atmosphere. Accordingly, any leakage of 
| gas past the pilot-supply control-valve 9 and through the e 
| 6 to the annular space 5 can now pass by way of the vent 12 to the 
atmosphere. It will be appreciated that with the spindle 1 guided 

in a comparatively narrow bearing, in lieu of being in a bearing 
| for substantially ite entire length, friction due to the eccentricity 
| thereto of the pilot eee valve and of the enriching 
| supply-control valve is diminished, inasmuch as, although these 
| waves tend to tilt the plunger and spindle, the extent of tilting 
| movement is limited by reason of the plunger being held in a 

central position by its frictional engagement with the ~ 
| 11. Moreover, in the event of the pl ‘ing displaced from its 
| central positi 


| 





ig disp 
p when retracted, it will be restored to its central 
position by the engag t of the conical valve portion with its 
| seat. (Sealed.) 


13,622/15. F. H. Royce and Rolls-Royce, Limited, 
Derby. Gudgeon-Pin Lo Devices. (3 Figs.) 
| September 24, 1915.—This invention relates to an improved method 
| of, and means for, securing the gudgeon-pins of internal-combus- 
| tion engines, particularly engines for motor vehicles, aeroplanes, 
and the like, which are usually fitted with pistons of light con- 
struction, having thin walls. According to this invention, a 
hollow ames wt is provided having a shoulder at one end 

ing-plate at the other end, the said locking-plate 

in the piston and in the pin. The hollow 
cE ae cites Ge nckaneolt eae 
the piston c, -pin being su’ ly 

shaped at one end to allow of fixing the locking device, whilst at 
the opposite end a suitable shoulder a! is formed, locating the 
gudgeon-pin endwise. The locking device consists of a tongued 











engaging recesses 





3, 4 > 
attached tothe opposite sides of the magnet 12 by screws 18 and 
the armature 10 to support the magneti-able 


ex.ends within 


piece d fitted across one end of the gudgeon-pin, and tapped to 

date a screw or set-pine. The tongued piece d is fixed 
into slots cl cut in the piston c, and also slots or the equivalent 
formed in one with the gudgeon-pin. When the screw or set-pine 








515 
and tongued piece d are in tion, the gudgeon-pin is prevented 
from rotating, and is only Po 9) n amount 
of movement endwise. Any suitable device may be used to lock 


For instance, a flange ¢! may be formed 




















the end of a spring-finger /, spring-finger is fixed tu the 
gudgeon-pin by means of the rivet f1. The spring-finger / is 
LD wy Sanyo Leg fed Fa in 
the of flange ¢!, thus making it impossible for the screw 
Fig.1 
= 4 
! a’ a 
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=z 
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or set-pin ¢ to turn until the end of the epring-finger f—which pro- 
jects through the er a—is held out of engagement with 
the slotted flange e!. @ screw or set-pin may be turned by means 
of a box or tube-spanner inserted from the open end of the 

dgeon-pin. It should be observed that a clearance ~ is left 

‘tween the inside of the shoulder a! of the gudgeon-pin and the 
ete ¢, the object of this being to allow the gudgeon-pin to float 

tween certain small predetermined limits, and in this manner 
to prevent the gudgeon-pin securing device from distorting the 
piston. (Sealed.) 


MOTOR ROAD VEHICLES. 


ee The Williamson Motor Company, Jpmives, 
and W. Williamson, Coventry. - Wheel 
Motor Vehicles. (2 figs.) March 27, 1915.—This invention 
relates to the suspension of three-wheeled motor and other 
vehicles, and it has for ite object to prevent swaying of the body or 
frame, which usually occurs with three: wheeled vehicles. Accordin 
to this invention, a pair of radius- bars are employed and connected 
together so as to form a single stiff frame carrying the wheel- 








spindle, and this frame is provided with a single “7 long bearing 
on a pin or the equivalent upon the main frame. The two radius- 
rods A are joined together by the — B and E in such a wa 
that a stiff frame carrying the spindle of the rear wheel © is 
provided. This is piv: to the main frame D by means of a 
single long bearing within the bridge E, which is mounted upon 
a om or the like carried by, and extending bet , the brackets F 
on the main frame. At each side of the rear frame formed by the 
parts A, B, Eis a quarter elliptic spring G carried at the forward 
end by the main frame, and shackled at the rear end to the rear 
frame. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
2970/15. Joshua Buckton and Co., Limi 
Wicksteed, and C. W. James, 
[4 Figs.) February 24, 1915.—This invention relates to tool- 
holders for slotting and like machines, of the type in which the 
tool is attached to a central ion having a pyramidal 
formation, w acts as guiding-feather as well as relieving 
inclines, and in which the weight of the cutting-tool and its con- 
nected parts are balanced by a supporting ~ ie According to 
the invention, the central portion is provided with two such 
pyramidal formations. The cutting tool A is so mounted and 
pended in tion with an elastic spring B that on the 
return stroke the spring gives way and allows the previous 
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mounting to release iteelf by slightly falling away from its guides. 
e form of tool-holder which accommodates the greatest variety 
of tools is the following. In this the tool itself A, preferably 
rectangular in the cross-section of ite shank, is firmly fixed in a 
sleeve O, at the head and foot of which are arran upper and 
lower pyramidal zones C! and C2, These upwardl convents 
portions are carefully, in their turn, bedded in similar pyram! 
surroundings in an outer sleeve D, which forms the tool-box. 
This tool-box D, instead of being made solid, is divided longi- 
tudinally down and along its centre E, E, and that preferably in 
a plane parallel with the front of a tool-box when arranged ordi- 


_narily. This plan of dividing the tool-box, besides making it 
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easier to obtain the specially good fitting required, allows the 
central portion O% of the inner sleeve to be made larger (diametri- 
cally) than would otherwise have been possible had one sleeve to 
be threaded through the other. The spring arrangement is 
referably a dual one, in order that the tool-shank may, when its 
iength demands it, freely through between the springs. The 
cutting-tool A is ordinarily secured by set-screws G, two or more 
passing through the enlarged central portion of the inner sleeve 
at C%, whilet others G! are passed through the enlarged central 
portion of the inner sleeve at C©%, whilst others G! are 
through an enlargement formed below the lower pyramidal zone. 
This arrangement has the advantage of leaving the head of the 
tool-box, &c., free for the ———- of the spring-balancing gear, 
whose function is to lift and bring back the tool with its inner 
sleeve and pyramidal zones up to the working position, at the top 
of each stroke. The spring strength need not be much more 
than a balancing one, as the inertia of the tool, &c., assists in 
bringing about the action and reaction when at work. A quick- 
return motion renders the inertia still more effective, but at any 
rate the spring-gear is preferably adjustable to allow it to be 
turned to its requirements. C4 are brackets at the head of the 
upper pyramidal! sleeve C!, and these carry set-screws H, H, whose 
feet press against the compression springs. The springs are 
pocketed below in the outer es. and by the screws H, H any 
desired upward pressure is transmitted to the tool-holding sleeve. 
The end of the slotting-head is shown at K, K, and at K!, K! 
are the usual grooves for taking the fixing-bolts. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


2133/15. J. W. Gibson and J. H.Gibson,Sale. Tram- 
car Brake Gear. (3 Figs.) February 10, 1915. -This inven- 
tion refers to brake mechanism as on tramcars and other 
vehicles, wherein the brake-blocks are supported on a bar or bars 
sliding on the brake-rods and normally held in the “ off” posi- 
tion by springs. With such an arrang t it is 'y to 
make adjustments for wear of the blocks, and this is usually 
effected by adjusting the position of the slide-bars on the brake- 
rods, the latter being formed with screw threads and provided 
with nuts for the pur . Such adjustments are effected 
——- generally when the tramcar or other vehicle is 
n the shed, and the object of the present invention is to auto- 
matically adjust the slide-bars as the brake-blocks wear, thereby 
rendering the brakes more reliable in use and manual adjust- 
ments unnecessary. According to this invention, the usual brake- 
rods and slide-bars may be used, the former, however, being 
provided with rack teeth, and the latter with s g-pressed pawle 
or pacers engaging with said rack teeth. The arrangement is 
such that the pawls or plungers on the sliding bars serve to limit 
the rearward movement of the same, on the brake-rods, rela- 
tively tothe wheels, whilst allowing the brake-rodsto advance and 
automatically to take up wear, a spring or springs usually being 
provided to draw the two bars together and pull the brake-blocks 
off. The brake-blocks a are supported by the links b pivotally 
connected thereto at c and to the rod d carried by the framework 
of the truck. One brake-block is usually applied to each wheel, 
and the pair used in conjunction with the pair of wheels on each 
axle are connected to a common slide-bar e. A second slide-bar / 
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is mounted alongside the first in the usual manner, and provided 
with bearings g, g to receive the brake-rodsh, Ah. The latter are 
formed with teeth i, in which engage spring-pressed plungers j, 
mounted in casings k on the bearings g. plunger ) is formed 
with a collar /, against which bears » spring m, the top end of 
which bears against a nut or gland n bored to receive and position 
the top end of the plunger. An extension o on each ng g 
passes through a member p fixed to the slide-bar ¢, the said 
member also being formed with @ casing q to receive a second 
spring-pressed plunger r mo inted and operated in a similar 
manner to the plunger j. A floating lever s, which is pivoted at 
¢ to the bar ¢, and at u toa bracket on the bar /, is operated 
through the draw-bar v by a chain, from a rotating barrel in front 
of the car in the usual manner, a spring such as w being provided 
te return the bars to the cl position, when the operator 
releases the pull, and, if desired, the usual ngs may ro- 
vided to act upon the brake-block. In trucks of the kind referred 
to, two sets of brake-blocks are coupled together by rods A, A 
through their respective slide-bars /, and the operation of the appa- 
ratus is as follows:—When the lever s is manipulated to apply the 
brake, the inner end of the same acts about the fulcrum wu to sepa- 
rate the bars ¢, f, with the result that the slide-bar ¢ carrying 
the brake-blocks @ moves towards the wheels, the plunger r riding 
up the inclined tooth, the bar f being prevented from moving 
rearwardly owing to the plunger j engaging one of the teeth i. 
Immediately the blocks @ engage the wheels and the motion 
thereof is arrested, the slide-bar /, together with the brake-rods 
h, h, are forced outwardly, thereby applying the brake-blocks to 








the opposite set of wheels, continued pressure on the lever ¢ 
reacting on all the brake-blocks equally. e normal travel of the 
brake is less than the length of one tooth i, and when the brake- 
blocks wear away so much that the length of travel exceeds one 
tooth, the plunger advances into the next notch, thereby auto- 
matically compensating for the wear. When the pull on the 
draw-bar v is removed by the operator, the slide-bars e, f tend to 
meet under the influence of the spring w, which draws the 
plunger r firmly into en ment with the tooth i, upon which it 
then rests, after which the bar f is drawn towards the bar ¢, and 
if the latter has advanced a tooth, the former also advances a 
tooth, thereby automatically maintaining approximately the 
same distance of travel of the brake-blocks and the same distance 
between the two slide-bars, notwithstanding the wear upon the 
brake-blocks. (Sealed.) 


TEXTILE MACHINERY. 


4444/15. H. D. Herring and H. Harrison. Man- 
chester. Textile Printing-Machines, [1 Fig.) March 22, 
1915.—-This invention refers to printing-machines as used for print- 
ing in wax, or the like, upon textile material, the invention being 
chiefly applicable to machines for printing upon both sides of the 
material simultaneously, although also applicable to hi for 
a upon one side only. According to this invention, 
nstead of printing-rollers being heated internally, as heretofore, 
they are heated externally and in such manner that the heat is 
= applied to those portions of the surfaces of the rollers 

orming tae sides of the angle below the point where the rollers 
contact with the fabric. a, aare the two printing-rollers, each 
mounted to rotate freely in adjustable end bearing-blocks b, b in 
the end of the frames of the machines. These rollers are of 
uniform size and are provided with the usual printing surface for 
— wax or the like. The rollers are arranged to rightand 
eft of the fabric to be printed, such fabric, marked d, passing 
upwards between the rollers, while the rollers are pressed against 
the o te faces of the fabric with an equal pressure. For this 
—- the levers ¢ and adjustable weights / are provided, each 
ever pressing, by preference, against the head of a screw g in 
the bearing, which allows of the same levers being used for dif- 
ferent sizes of printing-rollers. Below each printing-roller is a 
wax-holding tank h, preferably made of sheet metal, and having 
a sloping floor part A!, and also an inclined side wall h2. Below 
each tank is a multi-jet gas-burner i, by which the tank may be 
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heated and its contents melted. Within each tank is a furnishing- 
roller j, the axis of which is carried by levers k provided with 
counterweights 1, by which the roller is held yielding in contact 
with the printing-roller. The levers are moun on studs m, 
carried by the end frames of the machine, and to allow of the 
same furnishing-roller being used with different sizes of printing- 
rollers, the studs are transferable from one set of holes 7 to 
another set formed in the end frames of the machine. The slop- 
ing fioor /) and the inclined side wall A? of each tank 
incline or slope ee and collectively produce between them 
a space, the sides of which virtually form two sides of a triangle. 
Further, in conjunction with the end frames of the machine 
which lie close to the ends of the rollers, a pocket or chamber is 
protec. In thus forming and arranging the tanks, the heat 
rom the gas-burners i, on rising, is directed into the angle 
between the printing-rollers, thereby causing those portions of 
the rollers oes and touching the fabric to be effectively 
heated andthe wax kept melted until it is imparted to the fabric. 
As each printing-roller revolves it carries the heat around with it, 
and thus ensures the whole surface of the roller being heated. 
To allow of a fairly large burner being used and to prevent the 
undue heating of the wax, a baffie-plate (as shown dotted) may be 
arranged below each tank. Further, to guard against the wax 
spilling over the top edge of the sloping end A? of the tank, the 
edge may be extended upwards and nearer to the fabric, as shown 
by dotted lines. In lieu of — the printing-roller or rollers 
by the same gas-burners which heat the wax-holding tanks, 
separate or additional gas-burners may be used, arranged, say, 
where shown by the dotted lines at x. (Sealed.) 


MISCELLANEOUS. 


4368/15. R. F. Carey, Leigh-on-Sea, and Waygood- 
Limited, London. Hose-Pipes. [2 Figs.) Meson 19, 
1915.—This invention relates to improvements in joints or con- 
nections for hose-pipes and the like, and is particularly applicable 
to the hose connections employed in vacuum cleaning-apparatus. 
According to this invention, metal or similar stiffening tubes are 
inserted fato and project from the ends of the pipe sections, the 
said tubes being provided exteriorly with rubber or the like 
sheathings, the sheathing of one tube being adapted to be 
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wedged into the other tube. The hose is shown at a, a}, d, b!, 
being sections of metal tube inserted and solutioned or cemented 





into the ends of the hose so as to project therefrom. The tube b 
is cylindrical, but tube ! is flared outwardly where it projects 
from the hose, as shown at )2. The metal tubes are provided | 
externally with hard rubber pane vey c, el, the one ¢ being coned | 
exteriorly to fit into or be wedged into the flared end b* of the 
tube b. The rear ends of the sheathings c, cl overlap and embrace 
the hose a, a}, and, as shown in Fig. 2, these rear ends may be 
undercut if desired. The tube 5, which is provided with the 
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sheathing c, may have a rounded shoulder or flange at its ex- 
tremity to prevent the forward end of the sh ing ¢ from 
being forced back. The above joint affords a neat finish to the 
hose; the latter is strengthened and stiffened by the tubular 
metal or similar insertions, and the rubber sheaths not only 
protect the hose and tubes, but also prevent damage to furni- 
ture and the like. (Sealed.) 


3119/15. J. A. Fleming, London. tical Delinea- 
tion of P’ ical Curves. [4 Figs.) February 26, 1915.— 
This invention relates to improvements in the means for pro- 
jecting and photographing curves representing the variation 
of magnetic or electric forces, currents, fluxes, voltages, or 
poten It is desiratle and necessary in many physical obser- 
vations to describe such a curve with horizontal. distances or 
abscisex denoting one variable electric or magnetic quantity and 
vertical distances or ordinates, some other related electric or 
magnetic quantity, and it is desirable to be able to project and 
render visible such a curve by means of a spot of light moving 
over a screen, and to photograph thecurve and it per. 

tly. A ding to this invention, an instrument for the 
optical delineation of physical curves comprises a mirror capable 
of being tilted round a horizontal axis by the rotation of a shaft 
which varies proportionately to an electric potential, capacity 
or resistance, combined with a mirror capable of being rotated 
round a vertical axis, the displacement of the last-namtd mirror 
being proportional to the variation in a correlated magnetisation, 
cnrrent or voltage. The instrument consists of a base-board on 
which is fixed a rectangular mirror T which is pivot:d on a hori- 
zontal shaft and held in bearings so as to rock or tilt about a 
symmetrical axis parallel to the length of the mirror. This 
mirror should be formed of fiat plate-glass silvered on the front 
surface, 80 as to avoid “‘ghosts” or duplicate reflections. The 
axis on which this mirror rocks has on it at one end a bar r, 
to one extremity of which a spiral a 8 is attached, the 
other end of this spring being fastened tothe base-board. To 
the other end of this lever r a thread wis tied which under 
apulley p. If this thread is pulled, the miiror T is tilted over 
through acertain angle. The normal position of this mirror is 
with its reflecting surface at 45 deg. to the horizontal plane. 
Over the tilting mirror T is fixed aother larger mirror M slung 
on a horizontal axis between supports. The normal position 
of the mirror M is with its peng | surface directed down 
towards the tilting mirror T, and with its plane at about 45 deg. 
to the horizonta'. The axis of the mirror M is at right angles to 
that of the mirror T. On the base-board or near to it is placed 
some reflecting deflectional instrument, such as a mirror galvano- 
meter, magnet ter, or'elect ter G,‘according to the nature of 
the curves to be delineated. An arc-lamp L is placed on the oppo- 
site side of the base-board, so as to send a beam of light which may 
be rendered parallel by suitable lenses just above and across the 
tilting mirror T. This beam falls on the mirror z of the instru- 
ment G. This last mirror is preferably a concave mirror of 
worked glass, silvered on the front. The beam of light / is focussed 


























80 as to is just over the tilting mirror T, and to be caught by 
the ieeera, pames back on the tilting mirror T, and then reflected 
upwards on to the mirror M, and thence on to a vertical screen at 
a distance, and there to form a sharp small brilliant spot of light. 
It will be evident, then, that if the mirror T is tilted over through 
a angle which is not great enough to cause the ray of light 
1 to pass off the mirror M, that the spot of light on the screen 
will move horizontally by a distance proportional to the angle of 
tilt of the mirror T. Again, if the mirror T remains stationary, 
and the mirror z of the instrument G executes a deflection round 
ite suspension, the ray of light / will so move as to cause the spot 
of light on the screen to make a vertical movement ~~ 
to the angle of deflection of the mirror z. Hence the two inde- 
pendent motions of the tilting mirror T and the mirror x —_ 
the spot of light to two indep t motions at rig t 
angles to each other. These motions are communicated as follows : 
—On the base-board of the instrument is a circular potentiometer 
P. It consists of a ring of wood wound over with cotton or 
silk-covered high-resistance wire, such as manganin, constantap, 
or “ Eureka” wire in one layer of closely adjacent om * 
winding extending almost the whole way round the ring. e 
silk or cotton covering is rubbed off the wire on the 

the ring 80 as to expose the bare wire. The ring is fixed —s 
the base-board, and at its centre is fixed a vertical rotating 
axis which carries a head h at the top, and a metal radial arm a, 
the end of which rotates and makes contact with the gees 
turns of the wire winding on the hoop as the head h is —_ . 
The wire winding has its ends attached to two termin 4 
and 2, and a third terminal ¢ inserted at its middle point. 
There is also a terminal ¢4 which is in electrical eonnestion 
with the arm a. If then a battery B of a certain number of cells 
has its terminals attached to ¢! and ?, it will cause a curves ad 
flow through the potentiometer wire and a fall of potent nd 
take place down it. If the rotating arm a is age in me 
tion, a certain fraction of this battery potent will be c . 
between the terminals ¢® and ¢+, which will have magnitude om 
direction according to the position of thearm. On the ax’ <4 . 
rotation of this arm there is a barrel, round which the —_ Soot 
is wound, and the size of this barrel must be so ad just . 
when the potentiometer arm a is rotated from oe ate will tilt 
tion to another at the ends of the De ee gy isp = the ty of 
light from one side to the other, whilst still keeping it fa ing 
wen the mirror M. Accordingly, when this is done, a 
zontal displacement of the spot of light on the screen he ber 
proportional to the angle through which the head A is — — 
and this again is proportional to the potential difference pr 
between the terminals @ and t4. (Sealed.) 








